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Tfcchnrcal  Report  R  GC8 
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by 

D.  G.  True 


ABSTRACT 

The  existing  Jesign  of  flexible  utility  connections  used  in  naval 
ir^tallations  incorporates  a  flexible  bronze  hose  hanging  freely  within  a 
coraigated  metal  tube  so  that  it  can  move  without  being  highly  stressed  at 
the  soil-structure  interface.  A  study  was  made  of  this  design  and  of  possible 
modifications  to  it.  Theoretical  predictions  were  formulated  for  flexibility 
and  dynamic  strength;  the  theories  were  tested  and  partially  verified  experi 
mentally  in  the  laboratory.  The  flexibility  of  a  hose  was  related  to  the 
manufex: lurch's  specified  minimum  allowable  bend  radius.  The  dynamic 
strength  wss  expressed  in  terms  of  peak  acceleration  and  hose  v/eight  oixJ 
length  in  a  semiempirical  rclationsfiip  suitable  for  use  io  design.  It  is 
recommended  that  the  results  of  the  present  study  be  incorporated  in  an 
appropriate  design  manual,  subject  to  verification  by  full-scale  field  tests, 
and  that  a  summary  be  compiled  of  means  to  predict  the  relative  displace¬ 
ments  between  a  buried  structure  and  the  surrounding  soil. 
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INTRODUCTION 


Statement  of  the  Problem 

Buried  structures  subjected  to  blast  loading  must  be  serviced  by 
utilities  continually  during  and  after  the  blast  loading.  Each  connection 
between  a  structure  and  a  utility  line  must  withstand  whatever  portion  of 
the  load  is  transmitted  to  it  via  structure,  utility  line,  soil  grains,  and  soil 
pore  fluid,  and  must  also  accommodate  the  rapid  displacement  of  the  struc¬ 
ture  relative  to  the  utility  line.  Thus,  a  connection,  to  be  satisfactory,  must 
be  sufficiently  flexible  to  accommodate  a  specified  deflection  and  sufficiently 
strong  to  endure  the  inertial  loads  resulting  from  the  rapidity  of  the  deflection 
and  the  loads  transmitted  from  the  blast.  The  purpose  of  this  study  is  to 
develop  a  connection  design  which  satisfies  these  requirements  and  to 
establish  reliable  design  criteria. 

For  purposes  of  this  stu'.y,  the  displacement  of  a  buried  structure 
relative  to  a  buried  utility  lin'  .s  assumed  to  be  the  same  as  that  of  the  struc¬ 
ture  relative  to  the  free-fiek  soil.  On  this  basis,  a  connection  can  bo  designc'd 
by  using  available  data  on  ne  behavior  of  buried  structures.  The  design  of  the 
utility  line  is  not  treated  m  this  study. 

Background 

A  summary  of  the  state  of  the  art.  as  of  December  1962,  of  the  design 
of  hardened  structures  is  contained  in  Reference  1.  Included  is  information 
on  load  transmission  through  soil  and  ground  motion  as  functions  of  weapon 
yield,  distance  from  ground  zero,  and  soil  properties.  Information  about  dis¬ 
placements  of  footing-supported  buried  structures  relative  to  free-field  soil 
Is  sparse,  due  principally  to  the  absence  of  definitive  data  on  soil-structure 
interaction. 

A  symposium  on  soil-structure  interaction^  served  to  bring  together 
the  result?  of  many  recent  and  current  research  efforts  in  this  field.  However, 
these  re'^ulis  were  too  general  to  furnish  relative  displaa^ment  information 
directly  applicable  in  design. 


In  a  report  of  prelit  ^narv*  NCEL  work  on  the  subject,^  H.  Tomita 
outlined  research  required  to  develop  a  reliable  design  of  flexible  utility 
connections.  Tliis  work  included  studies  of  the  type  of  connection  design 
and  the  magnitude  of  relative  displacement. 

A  report'^  of  work  done  on  contract  for  NCEL  in  1965  updated  the 
state  of  the  art  specifically  related  to  attachments  and  connections  for  buried 
structures.  This  report  outlines  methods  for  calculating  blast-induced  ground 
motion  and  relative  displacement  between  ver\/  stiff  prismatic  buried  struc¬ 
tures  and  the  relatively  compliant  surrounding  soil.  It  reaffirms  the  lack  of 
precise  data  on  relative  displacements  between  footing-supported  burierJ 
structures  and  free-field  soil. 

Further  research  into  soil-structure  interaction  and  the  dynamic 
behavior  of  buried  footings  by  NCEL  and  other  agencies  has  given  designers 
some  ability  to  predict  such  relative  displacements.  Tests  of  dynamical  y 
loaded  strip  footings^'  ®  have  indicated  the  nature  of  the  load-deflection 
relationship  of  a  footing  buried  in  granular  soil.  For  increasing  load,  tf  is 
relationship  may  be  approximated  by  an  elasto-plastic  idealization,  wherein 
a  very  large  deflection  (catastrophic  failure)  is  caused  by  exceeding  a  critical 
load,  while  smaller,  more  readily  predictable  deflections  occur  under  loads 
significantly  smaller  than  the  critical  load.  Results  of  tests  of  buried  model 
arch  structures  with  footings^-  ®  give  Insight  into  the  structural  and  fooling 
behavior  of  this  type  of  structure.  Experiments  In  soil  arching  arcund  buried 
model  structures'*’^  show  reductions  in  structure  load  that  may  f.ie  expected 
to  occur  simultaneously  with  relative  deflections.  These  data  inc  icate  that 
steady-state  maximum  arching  conditions  may  be  established  v  ell  within  the 
subcritical  fooling  displacement  range. 

An  analytical  method  v^as  developed  at  NCEL’^  to  predict  blast-induced 
body  motions  of  buried  structures  with  footings.  This  method  gave  very  good 
predictions  of  the  displacement  and  velocity  histories  of  a  standard  metal  arch 
Navy  personnel  shelter  under  TNT  blast  loading  at  Operation  Plumbbob.  The 
predicted  peak  relative  displacement  between  structure  and  soil  field  was 
about  3  indies.  The  loading  conditions  at  close  range  in  this  instance  were 
approximately  equivalent  to  nuclear  blast  loading  at  a  somewhat  greater  range. 
This  peak  relative  displacement  is  considered  representative  of  values  which 
might  bo  expected  at  many  field  installations  of  this  type. 

The  existing  design  of  flexible  utility  connections  in  use  by  the  Naval 
Facilities  Engineering  Command  (NFEC)’^  is  shown  in  Figure  1.  This  design 
incorporates  a  flexible  metal  hose  (of  thf  type  described  in  Federal  Specifi¬ 
cation  RR-H-Gblb)  that  is  enclosed  in  a  protective  corrugated  metal  tube.  The 
hose  contains  fluid  under  pressure,  as  furnished  by  the  utility  line,  and  must 
accommodate  any  i  dative  displacement  betv^een  the  line  and  the  structure 
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wall  or  footing  side.  The  protective  tube  provides  an  air  space  within  which 
the  hose  moves.  The  air  space  Is  required  to  distribute  the  relative  displace¬ 
ment  evenly  along  the  length  of  the  deflected  hose.  The  protective  tube 
must  be  strong  enough  to  maintain  its  volume  of  enclosed  air  space  under 
soil-transmitted  stresses  resulting  from  blast  loading.  Details  and  intended 
use  of  the  design  are  contained  in  Reference  14. 


1.  Shelter  bulkheed 

2.  T^fvkKh-dianv.cer  by  aa-ioch-iong  corrugated  metal  pipe  ICMP).  18  gage. 

3.  Slack  flexible  metallic  hose  24  irKhet  long. 

4.  Ten-gage  plate.  14  inches  square,  welded  all  arourtd  to  shelter  bulkhead. 

5.  Butt  CMP  against  plate.  Do  not  weld. 

6.  Pipe  bra2ed  all  around  to  plate. 

7.  Ten-gage  plate.  14  inches  square — butt  against  CMP.  Do  r>ot  weld. 

8.  Pipes  arni  hose  either  1  inch  or  1-1/2  inches  inside  diameter. 


Figure  1.  Existing  NFEC  design  of  flexible  utility  connections 
tfrom  Reference  14). 

Alternative  designs  have  been  pioposcd.^*  ^  These  include  configura¬ 
tions  incorporating  such  diverse  concepts  as  encapsulation  wilh  a  collapsible 
material,  si  ding  joints,  and  bendable  knuckles.  These  various  conceptual 
designs  offer  varying  degrees  and  magnitudes  of  freedom  of  motion.  The 
resulting  limited  extent  of  applicability  of  each  detracts  from  its  feasibility 
as  a  standard  connection  design. 
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Approach 


The  decision  was  made  to  eliminate  from  the  scope  of  this  work  the 
conceptual  designs  which  were  untried  and  for  which  the.  ^  were  no  working 
counterparts  in  the  field.  Thus,  this  work  includes  only  the  existing  NFEC 
design  of  a  flexible  utility  connection,  along  with  roeasonable  modifications 
of  It,  including  versions  Incorporating  oUcrnaiive  hose  types,  materials  of 
construction,  design  dimensions,  detailing,  and  installation  positioning. 

Flexible  hose  specimens  were  fabricated  in  lengths  determined 
theoretically  to  give  a  desired  deflection  capability.  The  sr^ecimens  were 
tested  in  the  laboratory  both  statically  and  dynamically  to  determine  tl>e 
validity  of  the  assumptions  upon  v/hich  their  dimensions  v/ere  baserj  and 
to  evaluate  the  stresses  of  flexural  end  inertial  origin  which  might  cause 
failure.  The  ultimate  objective  of  these  tests  was  to  develop  flexibility  and 
dynamic  strength  design  criteria.  At  the  same  time,  working  with  specimens 
of  various  types  enabled  the  project  engineer  to  gain  knowledge  of  their  field 
behavior  and  thus  to  make  useful  recommendations  ronceining  installation 
procedures  and  precautions. 

As  previously  mentioned,  information  on  relative  displacement 
between  a  buried  structure  and  the  surrounding  soil  is  indefinite  quantita¬ 
tively.  Based  upon  available  data,  co  iservatively  high  estimates  were  made 
of  maximum  expected  ^'dative  displacements  in  both  directions  along  each 
of  three  lines  of  action  (vertical,  horizontally  tangential  to  the  side  of  the 
footing,  and  normal  to  the  side  of  the  fooling).  A  downward  fooling  dis¬ 
placement  of  A  inches  relative  to  the  frcc-field  soil,  an  upward  relative 
footing  displacement  of  2  inches,  and  a  horizontal  displacement  of  2  inches 
in  all  directions  were  adopted  as  a  basis  for  the  design  and  evaluation  of  the 
connections  studied  and  reported  herein.  In  actual  experiments,  these  values 
were  varied  according  to  the  length  of  the  available  experimental  specimens. 
Rotations  were  not  studied,  due  to  the  small  amounts  of  rotation  of  connex- 
tion  ends  anticipated  in  actual  installations. 

Experimental  specimen  length  was  determined  theoretically,  based 
on  the  tnanufacturer's  specified  minimum  allowable  bend  radius.  No  design 
calculations  were  made  involving  hose  stiffness  or  reaction  forces  and 
moments  on  end  fittings  caused  by  static  deflections. 

In  addition,  the  theory  was  developed  to  predict  the  diameter  of  a 
protective  metal  lube  enclosure  required  to  provide  sufficient  deflection 
space  to  preclude  dam.'igo  to  the  hose.  This  geometrical  aspect  of  dc*sign 
was  not  tested  experifnenially. 
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FLEXIBILITY  OF  CONNECTION  MOSES 

Two  thfcoriesof  hose  deficclion  were  developed  to  predict  the  hose 
dimensions  required  to  achieve  a  specified  deflection  capability.  Computer 
programs  v/ere  written  to  tabulate  dimensions  to  enable  the  design  of  test 
specimens, 

A  series  of  static  tests  was  subsequently  conducted  to  determine: 

1.  Bent  shape  of  hose — to  ascertain  the  better  of  the  tv^  basic 
assumptions  used  in  the  two  respective  theoretical  calculation 
techniques 

2.  Amount  of  permanent  bending  incurred  by  hose  at  var  lous 
portions  of  the  design  deflection 

3.  End  forces  and  moments  required  to  sustain  various  portions 
of  the  design  deflection 

4.  As  a  result  of  the  above,  the  degree  to  which  a  developed 
theory  could  saiisfactordy  specify  design  dimensions  for  the 
hose 
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Theory 


Figure  2  shows  a  connection  design  deflected  accciding  to  the 
displacement  specifications  mentioned  previously  (the  displacement 
parameter.  5  in  the  figure,  equals  2  inches).  The  version  shown  is  similar 

to  that  of  Figure  1,  but  differs  in  the  fixity  of  the  corrugated  metal  tube.  } 

the  installed  position  of  the  hose,  and  the  dimensions  of  all  parts.  The  J 

location  of  the  top  of  the  corrugated  pipe  enclosure  is  determined  by  the 

uppermost  displacement  of  the  end  fitting,  v/hile  the  location  of  the  bottom  ^ 

is  determined  by  the  bottom  of  the  lower  arc  of  the  hose  in  the  compressed  " 

position.  The  corrugated  enclosure  is  not  attached  to  the  structure  or  the  ^ 

incoming  utility  line;  it  can  be  compressed  by  or  removed  from  the  fooling  t 

during  relative  displacements  between  the  footing  and  the  free-ficid  soil  in  i 

the  direction  of  the  hose's  longitudinal  axis.  i 

An  attempt  was  made  to  utilize  the  manufacturer's  specified  minimum  4 

allowable  bend  radius,  r,  of  each  hose  in  determining  the  length  of  hose  needed 
to  achieve  required  relative  displacements  beiwc*en  the  two  ends.  Computer  | 

programs  were  written  to  calculate  and  print  tables  giving  the  required  free  ■. 

length  of  hose  (not  icstrained  by  end  fillings)  as  a  function  of  the  specificKJ  f 

displacement  capability  and  r.  One  program  (Appendix  A)  based  calculations  i 

on  the  assumption  that  r  was  achieved  along  the  entire  length  of  hose,  resulting 
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in  a  shape  consisting  of  a  series  of  circular  arcs  connected  end  to  end.  This 
shape  would  occur  in  a  hose  that  locks  at  a  radius  of  curvature  equal  to  r 
and  bends  no  farther  until  much  larger  moments  are  applied.  The  second 
program  (Appendix  B)  assumed  that  the  hose  behaved  elastically,  taking  on 
a  sinusoidal  shape,  and  based  calculations  on  a  radius  of  curv'ature  equal  to 
r  at  the  location  of  the  sharpest  bond  in  the  sine  wave— the  apex  of  the 
curve. 

In  addition,  the  height  of  protective  enclosure  required  to  allow  free 
movement  of  the  hose  under  the  slated  assumptions  and  adopted  specifica¬ 
tions  was  calculated,  taking  into  account  the  hose's  outside  diameter,  d^,, 
and  the  largest  fitting  diameter,  df.  Values  of  specified  deflection,  6. 
required  span  (distance  between  end  fittings,  as  installed),  s.  and  required 
enclosure  height,  h,  computed  under  the  "locking"  assumption  for  incremental 
deflections  ranging  to  over  4  inches  are  given  in  Tables  A-1  through  A-4  '  v 
various  sizes  of  a  commercially  as'ailable  flexible  bronze  hose  and  In  Tables 
A*5  and  A-6  for  two  types  of  flexible  rubber  hose,  reinforced  with  helically 
wound  steel  wire.  Similarly,  values  of  specified  deflection,  required  free 
length,  and  required  enclosure  height  computed  under  the  "clastic"  assumption 
are  given  in  Tables  B-1  through  B-4  lor  the  bronze  hose  and  in  Tables  B-5 
and  B-6  for  the  rubber  hose.  The  tabulated  deflection  is  equivalent  to  6  in 
Figure  2.  A  value  of  6  -  2  inches  was  used  to  determine  the  dimensions  of 
the  experimental  test  specimens. 

The  design  dimensions  of  hoses  were  computed  differently  trom  the 
outputs  of  the  tv/o  different  computer  programs,  because  of  a  difference  in 
output  formal  arising  out  of  efforts  to  simplify  computer  work.  The  basis 
for  adjusting  the  output  is  that  the  free  length  of  a  hose  is  equal  lo  the  sum 
of  the  installed  span  and  the  deflection.  This  length  must  be  computed  from 
data  given  in  Tables  A-1  through  A-6.  while  it  appears  directly  in  Tables  B-1 
through  B-6.  Ho/ver/er,  the  installed  span  must  be  comt/jted  as  the  difference 
between  free  length  and  deflection  in  Tables  B-1  through  B-6,  while  it  is  given 
directly  in  Tables  A-1  through  A-6. 

A  comparison  of  the  results  of  calculations  based  on  the  locking 
behavior  assumption  (Tables  A-1  through  A-6)  with  those  based  on  elastic 
behavior  (Tables  B-1  through  B-6)  indicates  a  wide  variation  in  the  predictions 
of  the  span  required  lo  accommodate  a  specified  deflection  capability, 
especially  when  the  deflection  is  a  large  fraction  of  r.  In  all  cases  the  span 
required  under  the  clastic  assumption  is  larger  than  that  required  under  the 
locking  assumption.  Whether  or  not  the  larger  span  is  actually  necessary,  or 
whether  the  elastic  or  locking  behavior  assumption  is  more  appropriate, 
should  be  readMy  evident  from  flexure  test  data. 


6 


Figure  2.  Theoretical  assumptions  of  flexible  utility  connection 
movements. 
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Test  Specimens 

Flexible  bron/c  hose  specimens  were  procured  in  accordance  v^/ith 
existing  specifications'"*  from  available  commercial  products.  Anaconda 
bronze  type  S-1  hose  with  annular  corrugations  and  a  single  braided  bronze 
wire  fabric  cover,  hereafter  leferrcd  to  as  hose  type  AB  S1,  served  as  raw 
material  for  bronze  hose  test  specimens.  In  addition,  a  suction-type  rubber 
hose  v/iih  stiff,  helically  wound  reinforcing  wire  designed  to  prevent  crushing 
and  collapse  was  selected  as  a  promising  alternative.  Rubber  hose  specimens 
were  obtained  from  the  Gates  Rubber  Company  (GT).  the  B.  F.  Goodrich 
Industrial  Products  Company  (BFG).  The  Goodyear  Tire  and  Rubber 
Company  (GY),  and  the  United  States  Rubber  Company  (US).  The  free 
length  and  inside  diameter  of  the  specimens  tested  varied  as  shown  in  Table  1. 

Hose  specimens  were  carefully  examined  by  the  project  engineer  and 
compared  on  the  basis  of  stiffness  (reciprocal  of  flexibility).  Stiffness  ratings 
corrected  for  inside  diameter  were  assigricd  to  the  a\*ailable  hoses  on  the  basis 
of  0  to  100  (increasing  for  increasing  stiffness). 

HostfS  were  selected  for  static  testing  based  on  high  resistance  to 
distortion  of  cro'>s  section  in  bending,  low  subjective  stiffness  rating,  early 
time  of  receipt  of  specimen,  adequate  length  of  specimen  av^ailable,  and 
variety  of  fiiiirgs  furnished.  Hoses  of  the  US  and  AB  designations  were 
furnished  with  fittings  and  were  tested  early  in  the  program. 

Test  Equipment  and  Measurements 

The  static  tests  were  conducted  by  restraining  hose  specimens  in 
predetermined  positions  of  relative  displacement  by  means  of  a  Baldwin 
loading  machine.  The  machine  served  both  to  maintain  proper  displacement 
positions  and  to  measure  total  axial  force  on  the  hose  specimen. 

A  hose  specimen  was  placed  vertically  in  the  machine.  The  top  hose 
fitting  was  attached  to  a  short  piece  of  pipe  which  was  held  in  the  jaws  of 
the  machine.  To  measure  lateral  forces  and  moments  on  the  hose  specimen 
and  to  provide  a  means  of  readily  changing  the  restrained  position,  the 
bottom  filling  of  the  hose  was  attached  to  an  end  fixture  block,  a  piece  of 
2  X  &  inch  (nominal  size)  fir  wood  24  inches  long.  The  block  was  supported 
on  two  rollers,  spaced  9  indies  on  either  side  of  its  center,  v^hich  rested  on 
the  platform  of  the  loading  machine,  and  was  restrained  from  trans'/orse 
movements  by  a  restraining  block  clamped  to  the  machine  platform.  Spec¬ 
imens  in  this  test  configuration  appear  in  Figures  3  and  4. 
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Table  1.  Chsracinfistics  of  Hose  Specimens 


Nomirvjf 

Stiifrv^ss 

'  Minimum 

Tests  Conducted^ 

OesrgnaTi'on 

Wall  Type • 

(lO.I 

Weight 

Cb/lt) 

OeneJ 
Radius,  r 

St 

otic 

fOlOO) 

DynjwnK: 

«*, 

cfo 

(in.) 

ArT.bx-nt 

Piesso»i/nd 

C,  with 

0  75 

1.32 

1.05 

5 

7 

X 

K 

braKicd  wtfft 

1.00 

1  53 

1  21 

5 

8 

X 

X 

fabric  covefioQ 

'.50 

2  23 

2.12 

5 

10 

X 

X 

ABSl 

reusabte 

fittings 

200 

2.86 

309 

5 

11 

A 

X 

X 

sotditf  on 

fittings 

200 

2.86 

309 

5 

11 

X 

- 

X 

wetO  on 
fittintjs 

200 

2.86 

3C9 

5 

11 

X 

X 

X 

BFG82A 

$ 

2.00 

2.50  ' 

1.M 

70 

12 

- 

8FG^4H 

C 

2  X) 

wf  63 

1.2 

20 

4 

- 

- 

- 

ere  85 

S 

2.n0 

2  63 

1.4 

75 

12 

- 

- 

- 

BFG80P 

s 

1  25 

1  68 

09 

75 

- 

- 

- 

- 

GT.24HNV 

s 

2.00 

250 

1  32 

50 

58^ 

X 

- 

- 

GT  24SB 

C 

200 

256 

1.15 

35 

- 

- 

- 

- 

GT.200S3 

c 

200 

2.C3 

1.36 

90 

6.8j 

5.8+ 

- 

- 

- 

GT.43H\V 

s 

200 

255 

1  60 

30 

X 

- 

- 

CT  43HW 

s 

200 

2  55 

i.eo 

30 

p 

- 

X 

GY  FVV 

s 

2.00 

2.55 

1.33 

40 

5.8^ 

% 

- 

USP5120 

s 

200 

2.58 

1.5 

80 

58^ 

X 

X 

- 

USP5104 

c 

200 

250 

1.1 

10 

0.8+ 

X 

X 

- 

USP5W5 

s 

2.00 

2.50 

13 

CO 

— 

— 

• 

•  S  *  ynooih.  C  •  emrugau^j. 

t  nubl>i.-f  hown  dcamfd  for  t^to<jevM|fi  und»*r  consrdofjtron  due  fucKCC*-.s»vc  itiffnes?  of  corruo-ition^  vver*»  not  tesUxI, 

^  EltirTVi!»*fJ  from  ob«?»vdt»om  of  vx*c«rTi€*n. 
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The  sialic  ies<  configuration  permitted  various  displacement  positions 
of  the  lower  end  of  a  specimen  relative  to  the  upper  end.  It  prev'ented  rota¬ 
tion  of  either  end  of  the  hose.  In  addition,  it  allowed  measurements  to  be 
rruide  of  the  axial  and  transverse  forces  ai.d  the  end  moment  necessary  to 
hold  a  specimen  in  a  given  deflected  position.  The  transverse  force  was 
measured  with  a  spring  scale  of  32  pourid  capacity  (or  one  of  80-pound 
capacity  when  necessary)  by  moving  the  fixture  block  slightly  away  from 
the  restraining  block,  as  shown  in  Figure  4.  The  longitudinal  force  and 
moment  were  determined  indirectly  by  computing  the  sum  and  difference 
of  the  reactions  at  the  two  rollers  which  supported  the  end  fixture  block. 

Each  upward  force  v.*as  nreasured  with  the  same  spring  scale  by  lifting  each 
end  of  the  fixture  block  slightly  off  its  supporting  roller  using  a  hook 
located  9  incfies  from  the  center.  A  weight  correction  for  the  end  fixture 
block  was  required  to  properlv  compute  the  axial  ^orce  on  the  bottom  of 
the  hose.  As  a  check,  data  from  the  loading  machine  were  taken  to  pro¬ 
vide  a  record  of  the  axial  force  acting  downward  on  the  top  end  of  the  hose; 
these  data  were  to  be  compared  with  the  bottom-end  axial  force  data  after 
a  weight  correction  was  made  for  the  hose. 

The  internal  hose  pressure  was  read  from  Wallace  and  Tiernan 
Bourdon-lype  dial  pressure  gages,  which  were  an  integral  part  of  the  NCEL 
static  pressurization  console  used  to  apply  pressure  to  water  in  the  hose. 

Relative  displacements  used  in  testing  were  determined  from 
Tables  A-1  through  A-6.  which  list  deflections  derived  tlieoretically  from 
hose  free  length.  Experimental  values  of  6  were  obtained  for  tlie  lengths 
of  available  specimens  by  interpolation,  and  hoses  were  subjected  to  deflec¬ 
tions  statically  to  conform  to  the  deflected  positions  depicted  in  Figure  2. 
Values  of  6  for  the  specimens  tested  ore  tabulated  along  with  some  test  data 
in  Table  2. 

Test  Data 

As  shown  in  Table  1.  some  connection  hoses  were  selected  for  testing 
under  varying  internal  pressures,  while  others  were  tested  containing  only 
atmospheric  pressure.  For  each  of  the  hoses  tested  under  var\dng  internal 
pressures,  a  set  of  measurements  consisting  of  the  transverse  force  on  the 
end  fixture  block,  two  upward  forces  on  Q  inch  moment  arms  on  the  block, 
and  the  downward  force  on  the  top  hose  fitting  was  obtained  at  each  of 
seven  different  relative  displacement  positions,  as  shown  on  the  sample  data 
sheet  (Figure  5).  under  internal  pressures  of  0.  10.  and  75  psig.  For  the 
remainder  of  the  available  2- inch-diameter  hose  specimens,  the  axial  force 
requiicd  to  maintain  a  longitudinal  deflection  of  -6  from  the  installed  position, 
ternv^d  the  buckled  axial  resistance,  was  recorded.  Data  of  l>ose  specimen 
weights  and  buckled  axial  resistances  are  contained  in  Table  2. 
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DATA  SHEET 


HOSE  FLEXURE  TESTS 

Test  r>o.  ^  ^  . 

Date  Time  /3^0 

Personnel _ MC. 


'“Tl 

9  in. 


Oin. 


instijt!«d 

Ungth 


Position 

Iki.) 
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Prtsi., 

Pi 

(pSi) 

Meitured  Forces 
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ComptJteO  Loach 

X 

Y 

Looting 
Machine  Loach 

u 

Pb 
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M*a75fF^^F|^) 

(Ib-ftJ 

0 

-■3.¥S 

O 

-il 

// 

/ 

-tei 

j.ff 

o 

o 

-//  ^ 

-H 

/2 

0 

-  -/9i 

3.37 

0 

~f/.L 

-7 

nh. 

.  “  x. 

-JH  . 

3.  /7 

-^.3 

-Z.4S 

-7 

13 

/ 

¥.  iT  

0 

—/*/.  a 

-7 

■'34- 

-5».3 

■h3.¥S 

/ 

-/3.S 

-7J 

is 

-/ 

—JO  . 

</.s 

o 

-la.s 

-U 

/3 

S.o^ 

p&:  /. 

Mr 

c>rr/iis^^A^  i 

i 

^rfr 

77a/i  ^  X'c 

-^■3  /h. 

Aldr^ 

pr 

y-- 

3. 

'  .W 

/Itrjr-A 

r. 

SI 

V/jS"  / 

fa??} 

rv,>^-  s-j. 

>y/-M 

>*  /'arrj^'/j 

4i 

"  j 

C0l<^3rj 

i  th-^ 

ie/. 

'/ 

Extended  Length  Sf  -Ip  in.  Deflection.  Delta  ^.37  in.  Weight  //.  7Z 


.lb. 


Figure  5.  Sample  static  test  data  sheet. 


■■  ■  ‘^  •  ■  ■  ■■  ■'••■:  ‘:\  t  * 

*  -  ■  ■  -  '  -4 . 


Tabic  2.  Static  Test  Specimen  Data 


Hose 

Designation 

Imidc 

Diameter, 

<«. 

<-n.) 

Free 

Length, 

(in.) 

LocKir>g 

Deficjction 

Capability. 

*L 

(in.) 

Locking 
Buckled* 
Hose  Axial 
ResistaTKifi 
at  0  ps:y 
(lb) 

Elastic 
Dot  lection 
Capability. 

«£ 

(in) 

Elastic 
Buckled* 
Hose  Axial 
Resistance 
at  0  psig 
(lb) 

0.75 

28.0 

2.22 

9 

1.06 

9 

1 

31.3 

2.37 

14 

1.14 

13 

ABSl 

1.5 

35.8 

229 

33 

1.14 

31 

2 

39.5 

2-60 

27 

1.2G 

19 

2 

29.5 

1.08 

59 

0.58 

46 

GT-24HVV 

2 

20 

1.19 

125 

0.60 

121 

GT-4.'^HW 

2 

32 

4.61 

47 

1.91 

40 

2 

20 

1.19 

106 

0.60 

106 

GY-FW 

22 

1.58 

86 

0.7G 

76 

USP5J20 

2 

2t.9 

1.53 

00 

0.75 

44 

USr51()4 

2 

21.8 

2.44 

200 

1.18 

129 

•  GucHtxJ  to  as^jnjc  the  compressed  position  (26  sJ>ortcr  than  extended  length) 
shov/n  m  Figt/re  2. 


The  transverse  force.  F^.  as  entered  ort  the  data  sheet,  required  no 
reduction.  The  longitudinal  force,  F,,.  and  the  restraining  moment.  M.  were 
derived  as 


F,  =  F.  ^  F^  (lb) 

M  »  0.75(F.  +  F^)  (Ib-ft) 

where  F^  and  Fj,  arc  static  test  reactions  on  the  end  fixture  block,  as  shown 
in  Figure  5. 

The  load  read  from  the  testing  machine  (positive  in  tension)  was  used  as  a 
check  on  F^.  (This  loctd  was  expected  to  differ  from  by  a  constant 
amount— consisting  of  portions  of  the  weights  of  the  hose,  contained  fluid, 
and  end  fixture  block.) 
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Observations  of  the  degree  of  permanent  bending  were  made  during 
the  tests  when  the  internal  hose  pressure  was  at  atmospheric  (0  psig),  and 
photographs  (such  as  shown  in  Figure  4)  were  taken  to  record  the  deflected 
shape.  Slight  permanent  bends  were  observed  in  all  sizes  of  type  AB*S1  hose 
after  longitudinal  relative  displaocmenlsot  -6  from  the  installed  position. 
Obvious  permanent  bending  Viras  evident  after  displacements  of  -2b.  No 
permanent  bending  was  observed  in  rubber  hose  specimens  subjected  to 
longitudinal  relative  displacements  smaller  than  or  equal  to  -26. 

Reduced  test  data  are  presented  in  Figures  6  through  1 1 .  Figures  6 
and  7  are  moment-deflection  diagrams:  plots  of  the  longitudinal  deflection 
ratio.  D^/6.  against  the  restraining  moment  M.  applied  at  the  end  of  the 
hose.  The  longitudinal  deflection.  D^,  was  taken  positive  In  tension  and 
equal  to  zero  at  the  fully  extended  length  of  the  hose.  Moments  VA^re  com¬ 
puted  from  the  upward  force  couple  measured  on  the  end  fixture  block. 
Figures  8  and  9  are  force-deflection  diagrams:  plots  of  D*/6  against  the 
restraining  longitudinal  force.  F^.  The  longitudinal  forces  were  also  calcu¬ 
lated  from  the  upward  force  couple  measured  during  the  experiment. 

Finally,  Figures  10  and  11  arc  plots  of  D^/6  against  the  restraining  uon^ctu'i 
force,  Fy.  Points  have  been  plotted  for  the  three  transverse  deflections. 

Dy  “  -5.  0,  and  +6. 

Discussion 

The  combined  weight  of  tlie  hose  (Table  1).  contained  fluid,  and  end 
fixture  block  affects  the  upward  force  couple.  This  wtiight  was  highly  signif 
icernt.  being  on  the  same  order  of  magnitude  as  the  force  measurements. 

Permanent  bending  affected  the  linearity  and  hysteresis  of  all  plots. 
The  degree  of  permanent  bending  was  di^omcd  insignificant  for  >  -26. 

It  is  significant  that  tests  in  which  the  internal  pressure  was  raised  above 
ambient  were  conducted  after  D«  had  been  held  at  -36  to  obscae  permanent 
bending. 

Generally,  the  rnomcni  def lection  ^^ehavior  shown  in  Figures  6  and  7 
indicates  an  increasing  bending  stiffnejs  with  increasing  hose  size.  The 
moment  increased  roughly  in  proportion  to  the  longitudinal  deflection. 
However,  straight  lines  drawn  to  groiip  tne  points  representing  various  hose 
sizes  and  internal  pressures  do  not  all  pass  through  the  origin.  This  may  be 
due  to  both  the  Initial  bends  m  the  hose  and  tlic  weight  of  the  hose  and  end 
fixture  block.  Lines  A  and  B.  drawn  through  the  two  hose  sizes  on  each  plot 
for  boxh  zero  and  IDpsi  internal  pressures,  pasz  closer  to  the  origin  than  do 
lines  C  and  D,  which  are  drawn  through  data  points  taken  when  the  internal 
pressure  was  75  psi.  Thus,  the  internal  pressure  also  apparently  influences 
the  line's  failure  to  pass  through  the  origin.  The  data  for  zero  and  10-psi 
internal  pressures  are  essentially  the  same;  hence  they  are  represented  by  the 
same  line. 


Longitudinal  O«flfction  Ratio. 


Symboli 


-3 


7 

// 


-2  - 


^  ? 


6b 


a 


o 

« 

flC 

E 

£ 

o 

c 

2 

5 

S 


/ 

/'  / 


/ 


/ 


/  . 


/ia 

□  03 


4 

/ 

/  / 

/ 


/ 


/ 


°/^ 


no 

✓ 

/ 


c&  o 
y 


/ 


/ 


Symbols 

1 

F»tted 

Lint 

Internal 

Pressurt 

(p*il 

1  Koso 

1  ID. 
lin.) 

o 

A 

0 

Q 

A 

13 

M/2 

# 

C 

75 

□ 

B 

0 

Q 

n 

10 

2 

B 

0 

75 

10  15 
Rcstra»nir»c  Momem,  M 


20 


2G 


Figure  7.  Static  moments— larger  hoses,  type  AB-Sl. 
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Figure  8.  Static  comprcss've  (cices — smaller  hoses,  type  AB-S1. 
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Hash  marks  belOM  syn^>o}s  are 
positioned  left,  center,  and  right 
for  transverse  deflectiocis  of 
Dy  ■  -6. 0.  and  ■♦6,  respectively. 
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Figure  10.  Static  shear  forces — smaller  hoses,  type  AB-Sl. 
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Figure  11.  Static  shear  forces — larger  hoses,  type  AB-Sl. 


The  longitudinal  force*dcf lection  diagrams  (Figures  8  and  9)  show 
longitudinal  force  to  be  almost  constant  with  varying  longitudinal  deflection. 
Some  increases  in  force  at  higher  deflections  did  occur  for  the  larger  hose 
tests  (Figure  8);  this  is  even  more  apparent  at  the  highest  internal  pressure. 
Here  again,  the  data  for  zero  and  lO-psi  internal  preskjresare  essentially  the 
same  and  are  represented  by  the  same  line. 

In  the  plots  of  transverse  force  against  longitudinal  deflection 
(Figures  10  and  11)  variations  in  transverse  deflection  have  tieen  sha«vn  by 
using  different  symbo  s  as  data  points  to  maintain  continuity  of  format 
with  the  preceding  figures.  Tliese  plots  show  that  transverse  force  increased 
with  increasing  longitudinal  deflection,  internal  pressure,  and  hose  size.  A 
reverse  relationship  is  apparent  between  transverse  force  and  transverse 
deflection:  that  is,  they  ore  oppositely  oriented  with  positively  correlated 
magnitudes.  In  all  caies.  the  transverse  force  was  very  small  relative  to  a 
force  necessary  to  be 'to  a  utility  line  of  equivalent  inside  diameter  constructed 
of  standard  galvanized  steel  plumbing  pipe  (all  transverse  forces  were  less  than 
6  pounds). 

The  sliapc  of  the  load-deflection  curves  (Figures  6  through  9) 
indicates  on  elasto  plastic  rather  than  a  locking  behavior  in  tiH)  hoses  tested. 
The  apparent  sinusoidal  hose  shape,  photographed  in  Figure  4,  sustains  this 
hypothesis.  The  deflections  at  points  of  departure  from  linear  load-ricf lection 
relationships  and  the  deflections  visually  observed  to  cause  significant  j^erma- 
nent  bend'og  v/cre  in  fair  agreement,  were  lower  than  those  prcdiclc*d  by  the 
locking  computer  program,  and  wfjrc  approximated  fairly  v.ell  by  the  elastic 
computer  program.  This,  together  with  the  sinusoidal  appearance  of  the 
deflected  hose,  points  to  the  elastic  prr'gram  as  best  suited  to  determine 
design  information  for  the  flexible  hose. 

The  compressive  forces  required  to  maintain  the  computed  longitudinal 
deflections  for  rubber  hoses  were  much  higher  than  for  metal  hoses.  Also, 
straight-sided  rubber  hoses  required  more  restraining  force  than  corrugated 
rubber  hoses.  These  large  resistive  forces  are  in  agreement  with  subjcrctive 
observations  that  the  rubber  hoses  were  more  difficult  to  manually  deform 
than  bronze  hoses  of  the  same  size.  The  higher  measured  forces  v.ere  due.  in 
part,  to  the  shorter  lengths  of  rubber  hose  specimens,  wrich  were  based  on 
smaller  values  of  r. 

As  previously  stated,  computation  of  the  lengths  of  hose  used  in  the 
experirr  mi  was  based  on  the  assumption  of  locking  behavior.  For  the  metal 
hoses  With  relatively  large  values  of  r.  there  is  only  a  small  difference  bctw'cen 
lengths  calculated  by  using  the  locking  and  elastic  computer  programs.  But 
for  the  rubber  hoses  with  relatively  small  values  of  r.  the  choice  of  a  basic 
assumption  (locking  versus  elastic)  becomes  quite  important.  This  can  be 
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seen  by  comparing  ihe  displacement  parameters,  6^  and  6c,  in  Tables  A  G 
and  B-6,  determined  from  the  locking  and  elastic  assumptions,  respectively, 
for  a  section  of  hose  v/iih  an  installed  span  of  22  inches  ( 1 .58  inches  locking 
versus  0.76  inches  elastic).  As  can  be  derived  from  Table  B-6.  an  extended 
free  length  of  about  32.61  inches  would  be  required  for  6^  »  2  inches.  It  is 
felt  that  this  longer  rubber  hose  would  be  satisfactory'  Trom  the  standpoint 
of  case  of  handling  in  installation  and  lew  stresses  on  restraining  supports 
when  the  hose  is  deflected. 

The  corrugated  rubber  hose  was  seen  to  assume  sharp  internal  folds 
when  bent  to  any  appreciable  degree.  Such  folds  arc  felt  to  cause  undesirable 
restriction  to  fluid  flow.  The  high  localized  long-term  stresses  in  the  rubber 
in  these  folds  may  cause  creep  and  premature  age-cracking  of  the  hose  wall. 
Such  possibilities  Should  be  evaluated  in  more  detail. 

The  magnitudes  of  load  measured  are  not  critical;  the  mon^nt  was 
sufficient  to  cause  permanent  bending,  but  the  amount  of  bending  can  be 
readily  controlled  by  limiting  the  deflection.  The  shear  force  v/as  observed 
to  be  very  low  compared  to  that  which  could  cause  plastic  shear  deformation. 
However,  it  is  possible  that  these  forces  could  become  critical  under  dynamic 
loading. 


DYNAMIC  STRENGTH  OF  CONNECTION  HOSES 

Dynamic  tests  were  conducted  on  selected  specimens  to  determine 
the  extent  of  the  effects  of  inertial  loading  on  hose  performance  and 
reliability.  Internal  forces  in  the  hose  and  external  loads  and  motions 
were  monitored.  Results  were  compared  with  manufacturer-supplied  data 
on  hose  strengths  in  an  effort  to  establish  a  criterion  for  predicting  dynamic 
hose  performance  from  a  manufacturer's  data. 

Theory 


To  enable  the  dev^elopmeni  of  a  theoretical  relationship  between 
inertial  loading  and  internal  forces  in  a  hose,  a  load-response  mechanism 
was  assumed  whereby  inertial  forces  cause  the  hose  to  be  loaded  perpendic¬ 
ularly  to  the  straight  line  drawn  through  both  end  f  itungs.  thus  causing 
tension  to  increase  in  the  hose  waM.  Such  tension  would  oe  maximum 
•mmcdiatcly  adjacent  to  the  end  fitting  undergoing  rapid  displacement.  At 
this  point,  the  tension  was  further  assumed  to  be  uniformly  distributed 
(os  shown  in  Figure  12)  on  the  quarter-circumference  of  the  hose  situated 
on  the  side  opposite  from  the  direction  of  inertial  load  (that  is.  on  the 


1.  Thi^  qumer-circumference  assumed  to  cat ry  uniformly  distributed  tensila  strets. 
7.  Remaindef  of  hose  section  assumed  unstressed. 


Figure  12.  Theoretical  assumption  of  hose  stress  distribution. 

uppermost  quarter-circumference  adjacent  to  the  end  fitting  when  ir)ertial 
forces  act  downward).  The  remainder  of  the  section  was  assumed  to  carry 
no  load.  From  the  dimension  of  the  hose  section  and  the  magnitude  of  the 
tensile  force,  the  tensile  stress  in  this  quarter-circumference  of  tfvj  hose  wall 
was  calculated  as* 


F 

stressed  area 


F 

)Tt(di  +  t) 

4 


Of 


_ 4F _ 

irtldi  +  t) 


(1) 


where  F  *  total  tensile  force  in  hose,  lb 
d|  =  inside  diameter  of  hose.  in. 
t  =  thickness  of  hose  wall,  in. 

The  amount  of  hose  strength  available  to  resist  inertial  forces  was  expressed 
in  terms  of  equivalent  internal  pressure  as 

P  "  Pd  -  Pi  <2) 

where  p^,  *  dynamic  burst  pressure,  psi** 

Pj  =  internal  pressure  in  hose,  psi 

•  Sec  symbols  listed  on  foidout  at  end  of  text. 

••  May  be  supplied  by  X\^c  ntanufacturer  or  determined  by  static  lest. 
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The  maximum  allowable  hose  wall  stress  was  then 


or 


(Internal  area 
- - —  , 

stressed  urea 
trdj^/4  pd|^ 


) 


irt(di  -»•  t)  4t(di  +  t) 


(3) 


Equating  the  right  members  of  Equations  1  and  3  yielded  the  following 
expression  for  maximum  allowable  tensile  force: 


=  P 


(4) 


The  tensile  force  in  a  hose  is  equal  in  magnitude  to  the  resultant  of 
the  reaction  components  at  the  end  fitting.  This  resultant  was  computed  as 


'  V 

sinp 


where  =  Irens' erse  component  of  hose  force,  lb 


(5) 


0  =  angle  between  total  tensile  force  and  fitting  axis,  deg 

An  upper  limit  to  the  perpendicular,  or  shear,  force,  ,  was  estimated  by 
assuming  a  long  duration  of  acceleration  compared  to  the  time  required  for 
the  hose  to  distribute  inertial  forces  and  reach  an  equilibrium  position.  The 
idealized  hose  was  assumed  to  act  as  an  axially  rigid  line  offering  no  resis¬ 
tance  to  bending,  with  mass  uniformly  distributed  along  the  horizontal 
projection.  | A  more  accurate  assumption  of  mass  distribution  in  the  curved 
hose  was  found  to  add  only  a  rtegligible  increment  to  the  shear  force.)  The 
downward  velocity  was  assijmed  to  vary  linearly  with  position,  from  the 
fitting  velocity  at  the  moving  end  to  zero  at  the  fixed  end.  The  acccleratiori 
required  to  halt  this  motion  in  a  given  time  span  likewise  would  vary  linearly 
with  position,  as  shown  in  Figure  13.  The  acceleration  at  any  point  on  the 
hose  span  was  written  as 


A  - 


Ax 
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in  which  ws/3  represents  the  effective  dynamic  weight  of  the  hose,  tn  terms 
of  weight  per  unit  length  of  hose,  the  forcc-acccloraiion  relationship  was 
expressed  os 


(6) 


where  p  =  weight  per  unit  length  of  hose.  Ib/in. 

C  =  free  length  of  hose  in  span  s,  in. 

pfe/3  =  effective  dynamic  weight  of  hose,  lb 

Substituting  Equation  6  into  Equation  5  gave  the  following  thcoretlccl  upper 
limit  for  experimentally  measured  tensile  force  in  terms  of  acceleraticn  and 
hose  characteristics: 


F 


(7) 


Test  Specimens 

Specimens  fabricated  from  2-inch  inside-diamclcr  type  AB*S1  bronze 
hose  with  various  fitting  types  and  one  specimen  of  type  GT-4  3HW  rubber 
hose  W'cre  tested  to  establish  their  dynamic  behavior  characte'  istics.  The 
specimens  have  been  previously  described  to  sonx?  extent. in  Table  J .  Their 
characteristics  specifically  pertinent  to  dynamic  behavior  as  required  to 
evaluate  parameters  in  Equations  4,  6.  and  7  arc  shown  in  Table  3. 

Test  Equipment 

The  NCEL  10,000-pound  rapid  load  machine,  shown  in  Figures  14a 
and  14b  with  a  specimen  in  test  position,  was  utilized  to  provide  a  rapidly 
displacing  fixture  head  to  wliich  nose  end  fittings  could  be  attached  for 
testing.  General  characteristics  of  the  motion  of  the  loading  head,  as  used  in 
testing.  Include: 


1.  Approximately  3  inches  displacement  within  about  l/20lhofa 
second 

2.  Velocity  exceeding  2.000  ft/scc 

3.  An  initial  peak  acceleration  of  about  30  to  50  g  followed  by  a 
peak  deceleration  of  100  to  200  g 
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Although  these  parameters  are  not  strictly  equivalent  to  what  might  be 
expected  when  a  fooling  on  a  buried  structure  is  displaced  under  nuclear 
blast  loading,  the  peak  deceleration  is  of  appropriate  magnitude.  Since 
acceleration  (or  deceleration),  v/hich  is  directly  related  to  force,  is  the 
motion  parameter  having  ihe  most  direct  influence  on  interna!  dynamic 
stresses  in  flexible  hose  walls,  the  planned  tests  v/ere  expected  to  revo«al 
the  ability  of  hoses  to  resist  peak  inertial  loads  which  might  be  expected 
to  occur  in  actual  insi»oliot  ions  under  nuclear  blast  loading. 

Test  Instrumentation 


The  motion  the  loading  head  of  the  rapid  load  miichine  and  the 
internal  forces  in  the  hose  wall  were  monitored  electrically.  A  Bourns 
Model  108  linear  pot.?ntiometcr  was  used  to  monitor  head  displacement, 
and  a  Statham  A5-2CO350  accelerometer  was  employed  to  sense  accelera¬ 
tion.  The  force  in  the  loading  ram  which  drove  the  loading  head  was 
monitored  with  a  four-arm  strain  gage  Wheatstor»e  bridge  as  a  backup  and 
check  on  acceleration  and  hose  force.  Hosowall  stresses  v^'Cre  monitored 
indirectly  with  a  specially  designed  four-way  lead  cell  capable  of  measuring 
moment,  shearing  force,  axial  force,  and  pressure  by  using  four  channels  of 
electronics.  The  linear  potentiometer,  ram  instrumentation,  and  special 
load  cell  are  visible  in  Figure  14a.  and  a  close-up  view  of  the  load  cell 
appears  in  Figure  lb. 

Each  gage  produced  data  in  tlx?  form  of  electrical  unbalance  in  its 
four-arm  Wheatstone  bridge.  Power  to  the  bridges  was  supplied  by  a 
Consolidated  Electrodynamics  Corporation  (CEO  system  D  type  2*10bA 
power  supply,  and  output  signals  were  conditioned  by  type  1-1 13B 
amplifiers.  The  conditioned  data  were  recorded  on  a  CEC  type  5-124 
direct-writing  oscillograph  and  CEC  type  7-323  galvanometers. 

Test  Data 

A  sample  of  the  data  in  the  form  of  an  oscillogram  appears  as  Figure 
16.  Data  such  as  test  number,  time  ot  day.  and  machine  settings  were  noted 
by  hand  directly  on  the  record.  The  calibration  dcflc?ction  at  the  beginning 
of  each  trace  represents  a  predetermined  value  of  the  data  parameter,  termed 
the  calibration  equivalent.  This  value  was  determined  during  preliminary 
calibration  tests.  Only  the  peak  values  of  the  data  were  reduced.  Tlx?se  were 
calculated  by  multiplying  the  calibration  equivalent  by  the  ratio  of  peak  trace 
deflec’ion  to  calibration  deflection.  Peak  value  data  so  obtained,  together 
with  notes  of  any  unusual  occurrences  during  testing,  are  shown  in  Table  4 
for  the  entire  series  of  dynamic  tests.  The  displacement  is  positive  downward, 
while  the  acceleration  is  positive  upward.  A  positive  ram  load  (tension)  exerts 
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an  upward  force  on  ihe^^iding  end  fixture  head.  All  axial  forces  and  strains 
are  positive  in  tension.  The  shear  force  on  the  hose  is  positiwi  upward,  and 
the  angle  of  action  of  the  tensile  resultant  force  is  positjve  upward  from  the 
horizontal  fitting  axis. 


(a)  Showing  loading  ram,  sliding  end  fixture  block,  and  instrumentation. 


i 


V 


Tabic  3.  Dynamic  Tesi  Specimens  Characteristics 


Hose 

Designation 

Fittings 

Free 

Length. 

8 

tin.) 

WeightPcr-Unii'Lcngih 

Effective 

Dynamic 

Weight, 

pE/3 

(!b) 

Burst 

Pressure, 

Pb* 

(psi) 

Maximum 

Inside 

Diameter. 

di 

(in.) 

Allowable 

Tensile 

Force, 

^max  “ 
jrdj^  ■> 

IT 

(Ib) 

Hose. 

Ph 

(Ib/in.) 

Water, 

Pw 

llb/in.) 

Total 

P  • 

Ph  +  Pw 
(Ib/in.) 

AB-Sl 

reusable 

39.5 

0.253 

0.144 

0.402 

650 

2.6 

765 

AS-S1 

solder*on 

29.5 

0258 

0.144 

0.402 

3.95 

uoo 

2.6 

1,497 

AB*S1 

weld*on 

29.5 

0.258 

0.144 

0.402 

395 

800 

2.6 

965 

GT43HW 

shank 

32.0 

0.133 

0.114 

0.247 

2.63 

625* 

2.0 

432 

•  Taken  from  manufacturer's  ratings. 

^  Pj  taken  as  75  psi. 

^  Taken  as  five  times  the  manufacturer's  rated  working  pressure. 
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Table  4.  Dynamic  Tesi  Results,  Peak  Values 


•  ^!  A 


Tost 

No. 

Hoio 

Oisptdcement. 

Oy 

(In.l 

Accbteralion, 

A 

Col 

Ram 

Load. 

L 

(lb) 

Load  Call  Strain  (plin./in.l 

•  Axial 
Force, 

Shear 

Force. 

Fy 

(ibl 

Resultant 

Tensile 

Force. 

F 

(lb) 

Angle 

of’* 

Action, 

<t> , 

Inter  r^' 
Pressure. 

Pi 

(Pii) 

1-  ■  r 

Contained 

^Fluid* 

ii 

SI 

S2 

S3 

S4 

P* 

Cibl 

D  1 

- 

95.8 

-547 

-329 

515 

411 

-04.75 

•580.x 

597.52 

1.41  ' 

>  0..^ 

] 

D2 

- 

99.5 

-877 

-671 

-403 

588 

491 

-X2.49 

-950.87 

X7.83 

1.26 

0^ 

* 

03 

3.84 

186 

-2,250 

-710 

-442 

715 

5X 

18.22 

-585.x 

X5.64 

-1.53 

0^ 

0  4 

3.86 

180 

-2,270 

-685 

-434 

721 

565 

131  iO 

-837.92 

848.13 

-1.41 

10  " 

05 

3.84 

180 

-2,640 

-676 

-426 

714 

558 

1X.40 

-825.59 

837.12 

-1.40 

10  if 

ir  A 

06 

3  88 

179 

-2.370 

-608 

-376 

735 

544 

46285 

-1.X2.80 

1.1X.X 

-1.15 

75  ^ 

^  A  . 

rapid  loadir^g 

0  7 

ABSl 

a86 

- 

-1.453 

- 

- 

- 

'  aoo 

^0.X 

2X 

1.57 

0  E 

aL 

08 

(riHiWble 

394 

- 

-1.540 

-737 

-408 

768 

428 

11297 

'^-69.97 

1XX 

-255 

-  0^, 

A  . 

09 

OttinQf) 

3.98 

151 

-1.430 

-685 

-376 

708 

378 

8282 

25.50 

87.61 

'  0  ^ 

3w-  ^ 

0-10 

3.68 

U7 

-1,430 

-728 

-410 

»748 

424 

■80.17 

j  -87.16 

118.43 

-0.82r 

if  0^ 

1  w" 

^.j 

Dtt 

a73 

138 

-1,350 

-805 

-360 

010 

428 

X267 

204.69 

^4X97 

0.49  ■» 

^  w 

hose — flttir»g 

012 

166 

128 

-1,460 

-826 

-327 

1,018 

458 

699.74 

117.29  j 

■  7X.X 

oio"^' 

w 

0  13 

3.48 

lie 

-1,170 

-924 

-367 

1,110 

457 

677.87 

400.x 

'791.01 

054 

X 

w 

0*14 

156 

97 

-1,170 

-936 

-368 

985 

477 

178.58 

631.49 

6X26 

1.x 

X 

015 

167 

134 

-1,530 

-1.000 

-448 

1,135 

562 

492.x 

1X62 

511,16 

227 

A  X  - 

.  W  . 

hose — fittirtgi 

D  16 

162 

132 

-1,370 

-760 

-260 

8X 

2d0 

255.11 

206.12 

X7.98 

267 

.L  w 

0  17 

162 

no 

-1,170 

-673^ 

-250 

731 

XI 

211.x 

-5272 

217.x 

-0.23 

75^ 

jr: 

•  »%  1 

O  18 

128 

98 

-1,320 

-624 

-246 

700 

296 

27aX 

-31.60 

"  27277 

-211 

75 

^  w. 

'  ^  ; 

0  19 

142 

142 

-1,860 

-840 

-300 

OX 

317 

32ax 

107.78 

38202 

2X 

X 

020 

GT.43HW 

149 

146 

.1,880 

-867 

-300 

082 

324 

410.11 

214.70 

"  470  91 

247 

X 

w  " 

'  i 

021 

l%Hank 

150 

142 

-1.840 

-801 

-312 

984 

317 

3X03 

xax 

4XX 

0.M 

X 

w 

j 

0  22 

OftlnQi) 

146 

152 

•  1.060 

-904 

-315 

1,022 

340 

4XX 

Q  197.74 

472X 

243 

X 

023 

146 

140 

•  1,830 

-904 

-306 

1,011 

365 

X0  06 

^  187,11 

.  4X52 

244 

X 

^  wl 

tested  after  7  1 

024 

153 

154 

.1,850 

-040 

-346 

1,055 

XI 

386.31 

^  1X.03 

*  434  X 

247 

X 

w 

tested  after  1  j 

025 

150 

155 

•  1,830 

•032 

•327 

1,043 

XI 

404  54 

204.43 

4X25 

246 

X 

4  w\ 

tested  after  2( 

026 

148 

151 

.1,780 

•016 

-311 

1,011 

XI 

xa22 

24218 

421.x 

262;;; 

X 

:  w 

tested  after  5 1 

027 

100 

28 

-748 

•348 

•  115 

414 

143 

240.53 

255.x 

X1.X 

0.81  ' 

)l  w  ^ 

028 

140 

103 

•  1,372 

-886 

-306 

1,057 

420 

MO  65 

,^451.X 

790.x 

2X 

^79  1 

w  / " 

0  29 

118 

78 

- 

^  -704 

-260 

061 

386 

608.63 

422X 

74247 

0.61 

75  « 

w 

030 

ABSl 

140 

-*  170 

- 

•  1,511 

-472 

1,4X 

500 

•11297 

1,51222 

1,514.44 

•1.40 

a 

rapid  loading 

0  31 

(lolderon 

158 

189 

-2,405 

.1.062 

•520 

1,306 

505 

880.25 

•5202 

‘  XI  63 

-007 

w 

■ 

032 

ftltlnot) 

150 

100 

-2,400 

•  1.150 

•531 

1,200 

6X 

182.22 

362.24 

40240 

1.10  . 

78 

w 

V% 

033 

152 

106 

-2,720 

-1,250 

-583 

1,277 

Ml 

X.40 

441.37 

452.x 

I.X'^ 

i’®  Ai 

w  .  w 

034 

143 

230 

-2,813 

-1,200 

-588 

1,270 

650 

•72.80 

54270 

5XX 

•  1.43 

w 

_ 

0-35 

148 

235 

-2,800 

-1,271 

-588 

1,732 

670 

1,68211 

•  118.x 

1.X4.26 

•0,07  1 

w 

rapid  loadi^  f 

036 

148 

213 

-2.340 

-1.430 

-450 

Ox 

471 

•  1.804.03 

1  -21.M 

1.804.16 

201  ‘ 

w 

037 

158 

240 

-2.003 

•  1,010 

-508 

1,1X 

541 

404.54 

1  4X.64 

X7.44 

0.82 

X 

w 

■  - 

038 

ABSl 

164 

242 

-3,080 

•  1,075 

-510 

1,156 

5M 

X1.55 

53275 

528.40 

^  X 

w 

039 

liAMid.on 

140 

227 

-2.456 

-005 

-427 

1.0X 

5X 

48ax 

T  304.x 

57254 

255 

X  '■% 

w 

040 

llllirwitl 

158 

244 

-3,035 

•1.075 

•506 

1,180 

588 

41247 

_  488.86 

641.x 

OX 

X  - 

w 

',1 

0-41 

162 

240 

•3,170 

•  1,087 

•518 

1,189 

600 

371.73 

40269 

1  615.x 

0.02 

75 

w 

0-42 

162 

240 

-3,170 

-1,088 

-406 

1,166 

588 

X4.27 

570.48 

X5  45 

1.11 

75 

w 

Li; 

043 

164 

>*  ? 

-3,260 

-845 

-506 

046 

36200 

•5272 

37257 

-0.17 

X 

.  w 

rapid 

•  A  •  nIf.W  •  water. 


w-y 


^  ■;'■>,  ife'  - 
•■;'V  m 

■■ 


Table  4.  Dynamic  Tpsi  Results.  Peak  Values 


ipkt  loadirtg  l 


fitting  j 


)ie — fitting  f 


%tcd  alter  7  I 
Med  after  t  < 
tied  after  2( 
Mod  after 


pKt  loading  r 


nid  loading  r 


pid  loading  r 


1  Strain  f/i  in./in.) 

Axial 

Force. 

Sftear 

Force. 

(lb) 

Resultant 

Tensile 

Force. 

F 

(lb) 

Angle 

of 

Action. 

0 

(raii) 

Internal 

Pressure. 

Pi 

(psi) 

Contained 

Fluid* 

Remarks  ‘ ' v"' 

viv'- 

B2 

S3 

S4 

r, 

(lb) 

1142 

{•34 

[l26 

pe 

pe 

fW 

beo 

K7 

pa 

515 

568 

715 

721 

714 

735 

768 

700 

748 

010 

1.018 

1,110 

985 

1,135 

411 

491 

530 

565 

558 

544 

428 

378 

424 

428 

458 

457 

477 

562 

-94.75 

-302,49 

18.22 

131.20 

138.49 

462.85 

0.00 

112.97 

8182 

80.17 

362.67 

690.74 

677.87 

178.58 

402.00 

-580.96 

-950.87 

-585.36 

-837.02 

-825.59 

-1.052.80 

0.00 

-69.07 

25.50 

-87.16 

204.69 

117.29 

40vr.39 

631.49 

138.62 

597.52 
997.83 
585  64 
848.13 
837.12 
1,150.05 
0.00 
132.89 
87.61 
118.43 
43197 
709.50 
701.01 
656.26 
511.16 

1.41 

1.26 

-1.53 

-1.41 

-1.40 

-1.15 

1.57 

-0.55 

0.20 

-0.82 

0.49 

0.16 

0.54 

1.20 

0.27 

0 

0 

0 

10 

10 

75 

0 

-  0 

0 

0 

75 

75 

75 

75 

75 

A 

A 

A 

A 

A 
*  A 

A 

A 

A 

W 

W 

w 

w 

w 

w 

rapid  loadirtg  macbirte — load  cell  separation 

:  ■ 

hose — fitting  separation  /i  ^ 

: 

—  iT  .*'■ 

host— fitting  separation 

830 

280 

255.11 

206.12 

327.98 

0.67 

75 

w  • 

731 

351 

211.38 

-60.72 

217.38 

-0.23 

75 

w 

- 

700 

206 

276.08 

•31.60 

278.77 

-0.11 

75 

w 

030 

317 

32a  00 

107.78 

38102 

0.54 

75 

w 

- 

082 

324 

410.11 

214.70 

470.01 

0.47 

75 

w 

-  i 

^2 

984 

317 

338.03 

26100 

429.66 

066 

75 

w 

-  ‘K  SJC  .1 

|l5 

1.022 

340 

430.05 

107.74 

47133 

0.43 

75 

w 

1,011 

365 

380.06 

187.11 

432.52 

0.44 

75 

w 

tested  after  7  hours  at  constant  P| 

946 

1 .055 

361 

38a31 

100.03 

434.08 

147 

75 

w 

tested  after  1  day  at  constant  P)  ^ 

1 

p7 

1.043 

361 

404.54 

204.43 

453.26 

0.46 

75 

w 

tested  after  2  days  at  constant  P|  || 

111 

1,011 

351 

346,22 

240.18 

421.38 

0.60 

t  • 

75 

w 

tested  after  6  days  at  constant  P)  ^ 

M5 

414 

143 

240.53 

255.08 

351.26 

081 

75 

w 

-  ^  T 

1.067 

429 

650  65 

451.36 

700.30 

060 

75 

w 

KO 

061 

386 

608.63 

426.00 

743  47 

0.^1 

75 

w 

.1  'r 

172 

1.480 

600 

•112.97 

1.510.22 

1,514.44 

-1.40 

75 

w 

rapid  loading  machine— load  cell  sanation 

po 

1.306 

605 

880.25 

•6802 

801.63 

-007 

75 

w 

pt 

1.200 

635 

162.22 

362.24 

406.40 

1.10 

75 

w 

Ib3 

1.277 

681 

08.40 

441.37 

452.20 

1.35 

75 

w 

IB8 

1.270 

650 

-72.80 

54870 

550.54 

•  1.43 

75 

w 

I  t 

lB8 

1,732 

670 

1.68011 

-118.00 

1.684.26 

-0.07 

75 

w 

-  P 

rapid  loading  machine— load  cell  separation 

035 

471 

el. 804.03 

-21.88 

1,804  16 

0.01 

75 

w 

1,130 

541 

404.54 

430.64 

507.44 

0.82 

75 

w 

ho 

1,166 

565 

331.65 

53176 

628  40 

1.01 

75 

w 

127 

1.030 

530 

488.36 

304.56 

57554 

O.F,b 

75 

w 

-  ■  •  .r 

be 

1,180 

588 

415.47 

488.86 

641.56 

086 

75 

w 

‘L 

he 

1,180 

600 

371.73 

40060 

615.60 

0.02 

75 

w 

be 

1,166 

588 

28427 

570.48 

64545 

1,11 

75 

w 

-  ^ 

046 

612 

368.09 

-63.72 

37157 

-0.17 

75 

w 

rapid  loading  rruKhine— load  cell  separation 

> 

32. 


rigur»  15.  Type  A8*S1  hose  with  disassembled  reusable-type 
end  fitting  and  specral  load  cell. 

To  obtain  the  magnitude  and  direction  of  the  peak  tensile  force 
acting  on  the  hor^  section  immediately  adjacent  to  the  instrumented  end 
fitting,  it  was  rK.Tessary  to  linearly  combine  the  strain  data  from  the  four 
strain  gages  of  the  special  load  cell  attached  to  that  fitting.  The  coefficients 
for  this  linear  jombinaiion  were  determined  theoretically  by  using  the 
dimensions  of  the  load  cell,  fitting,  and  hose,  and  the  modulus  of  elasticity 
of  the  load  cell  material  (steel).  Tlie  flexibility  coefficients  for  strains  in 
the  cell  walls  in  terms  of  imposed  forces  were  arranged  in  a  matrix,  which 
was  inverted  to  give  stiffness  coefficients  for  the  external  forces  (axial  force, 
moment,  and  shear  force)  in  terms  of  measured  strains.  These  forces  acting 
on  the  load  cell  were  then  combined  to  give  the  horizontal  and  vertical 
forces  acting  on  the  hose  at  the  end  of  the  hose  fitting.  Then,  the  magnitude 
and  direction  of  the  resultant  tensile  force  in  the  hose  were  computed  Appli¬ 
cation.  of  this  transformation  to  the  strain  gage  data  of  Table  A  resulted  in 
the  computed  hose  forces,  which  are  also  shown  in  Table  4. 

Discussion 

The  peak  transverse  force  mcasurrjd  during  each  dynamic  test,  ns 
given  in  Table  4.  has  been  plotted  versus  peak  acceleration  in  Figure  17. 

Data  so  erratic  as  to  lie  off  of  the  plot  l.ovc  been  omitted.  The  data  show  a 
definite  dependence  on  hose  type  and  length.  Also,  the  straight  lines 
representing  Equation  6  have  been  plotted  on  Figure  17  for  comparison 
with  experimental  data.  Inspection  reveals  that  the  theoretical  values  (upper 
limits)  of  Fy  have,  in  fact,  exceeded  essentially  all  of  the  experimental  data. 
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The  few  data  points  not  bounded  by  the  limit  lines  can  be  attributed  to  the 
large  obscr\'cd  experimental  error.  The  theoretical  upper  limit  lines  ore 
apparently  valid,  subject  to  modification  by  an  appropriate  factor  of  safety, 
for  use  in  obtaining  the  design  shear  force. 

The  measurements  of  axial  force  on  the  fitting,  taken  during  the 
experiment  were  erratic,  preventing  meaningful  comparison  between  the 
resultant  force  F  and  the  allowable  force  F^„j  (sfiown  in  Table  3).  However, 
a  definite  trend  is  apparent  whereby  F^  is  highly  correlated  with  the  span-lo- 
length  ratio.  This  trend  will  be  discussed  later. 


DEVELOPMENT  OF  DESIGN  CRITERIA 

The  major  di**  ^panc\'  between  actual  accelerations  in  blast-loaded 
field  installations  and  the  decelerations  imposed  in  this  test  series  lies  in  the 
longer  duration  of  actual  field  accelerations.  For  a  given  peak  magnitude  of 
acceleration,  the  impulse  imparted  to  a  spec-men  is  proportionate  to  duration. 
The  strain  in  a  dynamic  system  is,  in  turn,  proportionate  to  impulse.  Thus,  a 
specimen  would  be  more  likely  to  fail  under  a  longer  duration  of  acceleration. 
Hence,  failure  of  a  hose  specimen  in  these  tests  is  felt  to  be  a  very  positive 
indication  that  failure  would  occur  in  field  installations  experiencing  equal 
peak  accelerations,  whereas  success  during  laboratory  tests,  although  believed 
a  good  indication,  does  not  necessarily  prove  the  durability  of  a  hose  in  the 
field.  For  this  reason,  hose  reliability  must  be  certified  by  ihcoreiical  consid¬ 
erations  based  on  experimental  evidence  until  tests  incorporating  loading 
more  nearly  eauivalenl  to  field  loading  arc  completed.  A  high-explosive  field 
test  of  connections  attached  to  a  prototype  buried  structure  would  allow 
such  loading.  Another  alternative  is  the  attachment  of  connections  to  a 
footing  supported  on  soil  and  loaded  by  a  nuclear-blasi-type  dynamic  force. 
Such  tests  are  beyond  the  scope  of  this  study.  Nevertheless,  the  semicmpirical 
dynamic  strength  specifications  developed  oelow  constitute  a  good  working 
basis  for  the  design  of  elastic  hose  flexible  connections  intended  for  field 
installations  subject  to  any  type  of  nue’ear  blast  loading  whicli  produces 
peak  accelerations  up  to  TDO  g.  The  static  flexibility  specifications  developed 
below  are  felt  to  be  valid  for  any  elastic  hose  installed  in  accordance  with  the 
basic  developmental  assumptions. 
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Figure  16,  Sample  dynamic  lest  data  osctilogram. 
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Figure  17.  Peak  dynamic  shearing  force. 
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4. 6,  and  9  ore  combined,  the  dynamic  burst  prc-ssore  require-d  with  a  factor 

of  sa(e*y  of  1 .0  may  be  calculated  as  ' 


A  safety  factor  somewhat  greatci  than  f  .0  should  be  applied  as  determined 
by  engineering  judgment. 


TABLE  5.  DESIGN  DIMENSIONS  NORMALIZED 
ON  The  minimum  allowable  bend  RADIUS 
— FLEXIBLE  UTILITY  CONNECTION  ELASTIC 
HOSE  LENGTH  AND  ENCLOSURE  HEIGHT 
NEEDED  FOR  A  SPECIFIED  DEFLECTION 
CAPABILITY 


I.D.  *  O.OC  IN.*  O.D.  a  0.00  IN.* 

FTG.  D.  «  0.00  IN.*  BEND  RAD.  «  1.0  IN. 

DEFLECTION  LENGTH  ENCLOSURE  HEIGHT 


sir 

C/r 

hVr 

0,000 

0.000 

0.000 

.006 

3.239 

.468 

.023 

3.565 

.612 

.045 

3.913 

.756 

.072 

4.285 

.925 

•  106 

4.685 

1.122 

.148 

5.118 

1.353 

.200 

5.588 

1.621 

•  263 

6.103 

1.934 

•  340 

6.671 

2.301 

•  433 

7.2P9 

2.732 

•  547 

8.000 

3.239 

•  685 

8.788 

3.838 

•  854 

9.681 

4.550 

U062 

10.702 

5.401 

1^317 

11.877 

6.424 

1,635 

13.247 

7.666 

2,03C 

14.859 

9.183 

2,52^ 

16.781 

11.059 

3^164 

19.100 

13.403 

3.984 

21.948 

16.376 

5.056 

25.500 

20.203 

The  bursi  pressure  required  under  ihc  dynamic  strength  design 
method  is  a  dynamic  pressure  in  that  dynamic  hose  stresses  are  applied  for 
e  Jiort  time  only  (usually  not  more  than  1  second).  The  manufacturer's 
ra*.d  burst  pres^jre  is  generally  somewhat  lower  than  a  dynamic  burst  pres¬ 
sure  bcc;;uso  it  is  static  and  may  include  tlie  effects  of  hose  distress  due  to 
creep.  TIv  discrepancy  may  be  especially  high  for  hoses  made  of  rubber  or 
other  noncrystalline  materials.  For  this  reason,  a  design  based  on  the  manu¬ 
facturer's  ratings  may  be  overly  conservative.  Increased  economy  in  design 
may  be  realized  by  pressure-testing  hoses  being  considered  for  use  for  dynam¬ 
ically  flexible  utility  connections  in  such  a  way  that  the  pressure  is  maintained 
for  a  short  duration,  perhaps  about  a  second.  A  system  of  electrically  timed 
solenoid  valves,  together  with  a  pressure  reservoir,  could  accomplish  such 
testing  at  small  expense. 

It  should  be  mentioned  here  that  the  type  of  reusable  fittings 
attached  to  the  bronze  hose  (shown  in  Figure  15)  are  particularly  susceptible 
to  the  mechanism  of  failure  observed  in  the  experiment— that  is,  the  oblique 
face  of  the  conical  compression  f  l.nnge  is  oriented  roughly  parallel  (45  degrees) 
to  the  direction  of  tensile  force  F,  Thus.  :\,o  fitting-hose  juncture  is  maintained 
by  friclion  alone,  v/lth  no  angular  restrictions  such  as  are  imposed  when  the 
hose  is  stressed  under  pressure  at  an  angle  0*0.  Such  a  fitting  might  be 
expected  to  fail  at  a  lower  load  than  theU  predicted  from  the  burst  pressure, 
and  should  therefore  be  designed  with  a  higher  factor  of  safely. 

Example  of  Design  Problem 

The  results  of  this  study  as  embodied  in  Equations  14  and  15.  Table  5, 
and  Figure  IB  have  bf’cn  applied  to  a  typical  hose  as  an  example.  Tlx?  deflec¬ 
tion  mechanism  as  specified  by  Equation  14  and  Appendix  B  is  shown  in 
Figure  18.  The  following  are  availa'alc  design  data: 


p,  *  75  psi  (water) 

6  *  2,0  inch 

d|  »  3.0  inch 

A  »  lOOg 

dj  «  2.0  inch 

do  ®  2.6  inch 

Various  strengths  of  hose  with  r  *  6.0  inches  and  p  =  1.60  Ib/fl  are  available. 
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(c)  Extended  positions. 


Figure  18.  Recommended  assumptions  o?  movements  for  design  of 
flexible  utility  connections. 
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CONCLUSIONS 

1.  Tho  assumplion  of  elastic  hose  behavior  was  found  to  be  more  appropriate 
than  tne  assumption  of  locking  hose  L>ehav'ior.  Flexible  metal  hose  designed 
by  using  the  minimum  allowable  bend  radius  and  the  assumplion  of  elastic 
hose  behavior  should  serve  satisfactorily  under  static  deflections  (Figure  18), 
as  also  should  smooth-walled  rubber  hose  designed  in  the  same  way.  The 
required  free  length  of  hose,  the  hose  span,  and  the  enclosure  height  can  be 
determined  by  using  the  flexibility  criteria  of  Equaiion  14  and  Table  5. 

2.  Tho  dynamic  strength  of  hose  must  be  adequate  to  withstand  ner  tial 
forces  arising  from  rapid  deflection.  A  semiempirical  relationship  between 
required  hose  strength  and  acceleration  magnitude  was  developed  to  incor¬ 
porate  the  effects  of  hose  weight  and  length.  The  res*jlting  requited  hose 
strength  in  terms  of  dynamic  burst  pressure  may  be  computed  from 
Equaiion  15. 

3.  The  flexibility  and  d^mamic  strength  criteria  developed  in  th^s  study  are 
suitable  for  incorporation  in  a  standard  design  manual,  and  are  felt  to  be 
valid  for  nuclear  blast  loading  that  produces  peak  accelerations  within  the 
range  achieved  during  the  reported  experiment  (up  to  200  g). 


RECOMMENDATIONS 

1.  Work  should  be  undertaken  to  update  and  augment  the  existing  manual 
NAVDOCKS  P-81,  “Personnel  Shelters  and  Proieciive  Construction/'  dated 
September  1961.  by  adding  an  appendix  on  flexible  connections  of  all  types 
Results  of  this  study  and  of  the  field  tests  mentioned  above  should  be 
included  as  well  as  pertinent  information  on  air  ducts  and  other  types  of 
connections. 

2.  A  summary  should  be  compiled  of  means  to  predict  the  magnitude  of 
“specified  deflection  capability"  (equal  to  the  relative  displacement  between 
a  buried  structure  and  the  surrounding  soil)  for  various  structural  configure 
lions,  soils,  and  loadings. 


Tigurf!  A* 2.  Buckled  shape  of  locking  hose. 


The  computer  program  wrilten  if>  FORTRAN  II  to  compute  and 
tabulate  design  dimensions  cn  the  above  basis  appears  in  Figure  A-3.  Aiso. 
at  the  bottom  of  this  figure  are  listed  the  numbers  on  the  input  data  cards 
which  resulted  in  the  output  shown  in  Tables  A- 1  through  A-6.  The  numbers 
on  the  data  cards  are,  respectively,  the  hose's  Inside  and  outside  diameters, 
the  largest  fitting  diameter,  end  the  minimum  bend  radius.  Output  consists 
of  tabulated  values  of  specified  deflection  capability.  5,  installed  span.  s.  and 
enclosure  height,  h.  The  free  length  of  a  hose  is  equal  to  6  ^  s. 


<  nciieir  uiiLitv  co*ii«fCTio«(  ••locking**  mosc 
PVHCt  SI 

11  FCff**Ari5)*«fLCil6LC  LtHltr  COH>«tCT|0»i  hOSC 

^*iCH  i: 

12  rnAMAt|4«**{H<LC5U*C  HtiCHT  xtlDrr.  rr»  A  S»iCKirO  C* 

I^ABIl lift 

M.ditor.nr,* 

t>  roffMAiiA^ii.o.  IK.,  0.0*  in,,  ric,  o,  •f5.7,it»< 

I  |M.,  ntn!>  PAt>*  •r5,i,4H  m,/i 
^ncM  14 

14  rc«**ATi  ?AMir>trircT  10*4  $*ai«  fncitrsu*r 

1 A 

\S  rOAMAII  •I4»4t  |n»AI4M|  |K1«X4M|  tut/l 
DO  t  l•l«nt 
0*1-1 

D*«/n/A. 

A*D, 

K*,l 

%  S*SinriA«Oi 

5  A*A*I 

OO  ?0  ) 

«  ir is-A«o«.rcoolit#6,7 

p  A*A-.n«i 
X»«MK 
CO  TO  5 

7  l,iOS^«**nn«?,»P*Or/2,*nT/|, 

A*Att*4, 

2*9, •^•rr 

ir<2-Tl2,2,IC 
IC  »*l 

2  rwnCM  1,P,A,T 
1  ro*«AT(«r io,2t 


If iStn^r 

SWITCH  2t«,n 

•  C*lt  TKII 

rno 

•  79 

1.92 

2.I9C 

T, 

I* 

1.9T9 

t*h?S 

f  • 

1.9 

2,27 

1,94? 

I''. 

2. 

2. 199 

4.||rA 

11, 

7* 

2,9 

9,12 

A. 29 

?• 

2.n* 

9.22 

9, A 

Figure  A-3.  Locking  computer  program. 
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TAULC  A-1. 

DESIGN  dimensions— BRONTE  LIMITED  SENDING  HOSE— 3/4  IN. 

y 

rtCXIBLC  utility  connection  »«LOCKIf.G*»  HOSE  SPAN  AND 

ENCLOSURE  mEICHT  NEEDED 

FOR  A  SEECIMEO  OEELECTION  CAPABILITY 

1 

UD*  •  *75 

IN.*  0. D .  ■ 

1.32  IN..  ETC.  0.  *  2.15  IN.*  BEND  RAO.  •  7.0  |N. 

DCrtCCT ION 

SPAN  ENCLOSURE  HEIGHT 

•  1 

1  IN» 

<  INI 

o.co 

0.00 

2.15 

1 

•  10 

9.71 

2.79 

.?c 

12.1R 

3.46 

•  ?0 

13.89 

4.09 

•  40 

15.23 

4.66 

.50 

16.35 

5.19 

.60 

17.32 

5.71 

.70 

18.18 

6.20 

.60 

16.96 

6.68 

.90 

19.66 

7.14 

1.00 

20.31 

7.60 

I.IC 

20.91 

8.04 

« 

1.20 

21.48 

e.4s 

1.50 

22.00 

8.91 

1.40 

22.50 

9.33 

1.50 

22.97 

9.75 

ii 

1.60 

23.42 

10.16 

1.70 

23.84 

10,57 

i.eo 

24.25 

10.97 

1.90 

24.64 

11.37 

2.00 

25.01 

11.76 

2.10 

25.37 

12.15 

. 

2.20 

25.71 

12.53 

• 

2.30 

26.04 

12.92 

2.^0 

26.36 

13.29 

2.50 

26.67 

13.67 

2.60 

26. P7 

14.04 

2.70 

27,26 

14.41 

2.60 

27,54 

14.78 

2.90 

27.81 

15.15 

t 

1  r 

3.00 

28.07 

15.51 

1 

3.10 

28.33 

15.87 

1 

1 

3.20 

28.58 

16.23 

i 

1 

1 

3.30 

28.82 

16.58 

1 

1 

3.*0 

29, C6 

16.94 

3.50 

29.29 

17,29 

3.60 

29.51 

17.64 

3.70 

29.73 

17.98 

3.eo 

29.95 

18.33 

'  ■ 

3.90 

30.16 

18.68 

4.00 

30.36 

19.02 

4.10 

30.56 

19.35 

4.20 

30.75 

10,70 

4*30 

30.94 

?C,04 

4.40 

31.13 

20,37 

4.50 

31.31 

20.71 
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TABLC  A-2.  OtSIGN  DIMChsIONS— BRONZE  tlMITEO  BENDING  HOSE  — 1  IN. 

flexible  utiluy  connection  ••locxing**  hose  span  and 

ENCLOSURE  HEIGHT  NEEDED  FOR  A  SPECIFIED  DEFLECTION  CAPABILMV 

UD.  •  1.00  IN.«  O.D.  •  1.57  IN*.  FTG.  0.  •  2.62  IN*.  BEND  PAD*  •  B.O  IN. 

.  DEFLECTION  SPAN  ENCLOSURE  HEIGHT 
<IN>  (INI  (INI 


0.00 

0.00 

2.67 

•  10 

10.63 

3.19 

•  20 

13.33 

3.91 

•  30 

IS. 20 

4.54 

.AO 

16.68 

5.17 

•  SO 

17.91 

5.67 

•  BO 

18.98 

6-70 

•  70 

19.93 

6.71 

•  BO 

20.78 

7 .20 

.00 

21.S6 

7.68 

1.00 

22.28 

8.15 

1.10 

27.94 

8.60 

1.70 

73. S6 

9.05 

1.30 

24.15 

9.49 

l.AO 

24.70 

9.93 

l.SO 

2S.72 

10.36 

1«60 

25.72 

10.78 

1.70 

76.19 

11.20 

i.eo 

26.64 

11.61 

l.PO 

77.07 

12.0? 

2.00 

27.48 

12.4? 

2.10 

27.88 

12.82 

7.70 

28.77 

13.22 

7.30 

78.64 

13.61 

2. AO 

21  .R9 

14.00 

2.50 

2^.34 

14.38 

7. AO 

79.67 

14.77 

2.70 

Z*9.99 

15.15 

2. BO 

15.57 

2.00 

30.61 

15.90 

3.00 

30.91 

16.27 

3.10 

31.19 

16.64 

3.20 

31.47 

17.01 

3.30 

31.75 

17.37 

3.A0 

37.01 

17.73 

3. SO 

37.77 

18.09 

3.60 

37.52 

18.45 

3.70 

37.77 

18.81 

3*B0 

33.01 

19.17 

3*90 

33.74 

19.52 

4. CO 

33.47 

19.87 

4.10 

33.70 

70.22 

A.70 

33.92 

70.57 

4.30 

34.13 

70.92 

4.40 

34.35 

21.76 

4. SO 

34.55 

21.60 
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TAOLC  A-3,  DESIGN  OlMeKSIONS— PRONZE  LIMITED  BENDING  HOSE— 1  1/2  IN. 

FLEIIBLE  UTiLITr  CONNECTION  • •LOCKING* »  HOSE  SPAN  AND 

ENCLOSUejf  HEIGHT  NEEDED  TOP  A  SPECinCD  DEFLECTION  CAPABILITY 

I.D.  ■  1.50  IN.t  0.0.  •  2.23  IN.#  FTG.  0.  -  3.Sf  |N.t  CEND  BAD.  •  lO.Q  IN. 


DEFLECTION 

(INI 


SPAN 

(INI 


ENCLOSURE  HEIGHT 
CNI 


0.00 

0.00 

3.56 

•  ID 

12.35 

4.05 

•  20 

15.50 

4.n 

•  30 

17.68 

5.48 

.AO 

19.41 

6.09 

•  50 

20.65 

6.67 

•  60 

22.10 

7.23 

.70 

23.22 

7.76 

•  60 

24.22 

8.26 

.90 

25.13 

8.78 

2.00 

25.98 

9.27 

1.10 

26.76 

9.75 

1.20 

27.50 

10.22 

1.30 

28.19 

10.69 

l.AO 

28.04 

11.14 

1.50 

29.46 

11.59 

1.60 

30.04 

12.03 

1.70 

30.60 

12.47 

l.fO 

31.14 

12.90 

2.90 

31.65 

13.33 

2. CO 

32.15 

13.75 

2.10 

32.6? 

14.17 

2.20 

33.08 

14.58 

2.30 

33.52 

14.99 

2.40 

33.94 

15.40 

2.50 

34.36 

15.80 

2.60 

34.76 

16.20 

z.-ro 

35.14 

16.60 

2.S0 

34.52 

16.99 

2.90 

35.88 

17.36 

3.00 

36.24 

17.77 

3.10 

36.59 

18.16 

3.20 

36.92 

18.54 

3.50 

37.25 

18.92 

3.40 

37.57 

19.30 

3.50 

37.86 

19.60 

3.60 

38.19 

20.05 

3.70 

38.49 

20.4? 

3.60 

38.78 

20.79 

3.90 

39.06 

21.16 

4.00 

39.34 

21.53 

4.10 

39.62 

21.89 

4.20 

39.88 

22.26 

4.30 

40.15 

22.62 

4.40 

40.40 

22.98 

4.50 

40.65 

23.54 
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FLCXIBLS  UIILITY  CONNtCTlON  •  •LOCr.|»*C*  •  HOS£ 

CHCLOSUftt  HEIGHT  KEEDCD  fOR  A  SPECIFIED  OCrLCCTlOK  CAPASItITY 

UO*  >  2.no  IN**  0*D.  •  IN.,  FTG.  D*  •  4.16  IN*,  SEND  RAO*  <  11*0  IN. 

DCFLCCTIOH  SPAN  ENCLOSURE  HEIGHT 


Nl 

(INI 

1  INI 

0*00 

0*00 

4,10 

-.ae 

13*16 

4*71 

•  20 

16*53 

5*49 

•  30 

ir*66 

6*17 

•  40 

20*70 

6*00 

*50 

22*25 

7*39 

•  60 

23*50 

7*96 

•  TO 

24.77 

8*50 

*60 

25*05. 

9*03 

•  50 

26*03 

9*54 

1*00 

27*73 

10*04 

1*10 

20*57 

10.53 

1*20 

29*36 

11. C2 

U30 

30*10 

11*49 

1*40 

50*50 

11*95 

1*50 

31*47 

12*41 

1*60 

32*10 

12*06 

1*T0 

32.70 

13*31 

1*80 

33*27 

13*75 

1*90 

13*83 

14*18 

2*00 

34.36 

14.61 

2*10 

34.07 

15.04 

2*20 

35.36 

15.46 

2*30 

35.04 

15.80 

2*40 

3C.30 

16.29 

2*50 

?i*74 

16.70 

2*60 

37.17 

17.11 

2*70 

37.59 

17.51 

2*60 

37.99 

17.92 

2*90 

38.39 

10*31 

3*00 

30*77 

18*71 

3*10 

39.15 

19*10 

3*20 

39.51 

19*49 

3*39 

39*06 

19*00 

3*40 

40*21 

20*27 

3*50 

40*55 

20*65 

3*60 

40.80 

21*03 

3*70 

41.20 

21*41 

3*00 

41.52 

21*79 

3*90 

41*83 

22*17 

4. CO 

42*15 

22.54 

4.10 

42*42 

22.91 

4*20 

42*71 

23*20 

4*30 

43.00 

23*65 

4*40 

43*28 

24.02 

4*50 

43*55 

24.30 
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TABLC  A-)« 

i 

DESIGN  dimensions— CORRUOAICO  RuCCEN  L  I MI  TED-EEN >| NO  HOSE  — 7  IN.  { 

1 

rtCAinir  utility  conncctioh  ••icckikc**  mosc  irm  ako  I 

CNCLOSU<JC  HEIGHT  NEEDED 

FOR  A  SPECIFIED  OErLECTION  CAPAOItlTv  ] 

1 

I«D.  •  E*30 

I N . •  O.D.  • 

7.50  IN..  fTG.  D.  •  3.17  IN..  BEND  «»0.  •  4.7  IN. 

DfrircTioN 

5RAN  ENCLOSURE  ME f GMT 

UM 

(INI 

( INI 

' 

0.00 

0.00 

3.17 

1 

•  10 

6.94 

3.72 

1  , 

•  ?0 

6.69 

4.34  1 

1  1 

.?D 

9.69 

4.69 

\  - 

•  AO 

10.65 

5.39 

•  iD 

11.61 

5.67 

•  %0 

17.76 

6.33 

•  70 

17.66 

6.76 

' 

•  60 

13.41 

7.71 

m 

.^0 

13.90 

7.63 

uoo 

14.34 

6.04 

1. 10 

14.75 

6.44 

1.70 

15.13 

6.64 

\  , 

uoo 

15.49 

9.27 

l.AO 

15.67 

9.61 

1.50 

16.14 

9.99 

1.50 

16.43 

10.36 

1.70 

16.7; 

10.73 

1.60 

16.99 

11.09 

l.*>0 

17.24 

11.45 

r 

7.00 

17.49 

11.61 

U 

7.1C 

17,7? 

12.16 

■  7 

7.70 

17.95 

17.51 

7.)0 

15.16 

17.66 

2.A0 

*,6.37 

13.70 

\ 

i  >  \ 

7,50 

16.57 

13.54 

7.50 

16.77 

13.86  ' 

1 

\ 

7.70 

16.95 

14.72 

> 

7.A0 

19.13 

14.55 

1  \ 

7.^0 

19.30 

14.66 

\ 

5.00 

19.47 

15.21 

• 

3.10 

19.64 

15.54 

5.20 

19.79 

15.87 

5.50 

19.95 

16.19 

5.50 

70.09 

U.51 

5.50 

70.74 

16.63 

5.60 

70.56 

17.15 

3.70 

2C.51 

17.47 

5.60 

20.65 

17.78 

\ 

5.^0 

20.77 

16.10 

A.OO 

20.90 

11.41 

.  V 

A»10 

71.07 

18.72 

\ 

4.20 

71.14 

19.03 

.  \ 

4.50 

71.76 

19.33 

4.40 

71.57 

19.64 

V 

4.50 

71.46 

19.95 

^  '  \ 

• 

0 

/ 

/ 

/' 

50 

/  ^ 

. 

• 

— 

•V 

• 

- 

\ 

/ 

- 

•  •  \  ./  y 

UMO# 

: iv  :  :-. '  -  V h\ I  •  ^ ': *  '  'f ' ' ./ ■’ 

■'  ^  -^  '  ‘  "  -  n  ■"  ■'  .  ^'  .■  >  ^-  ■ 


r'  ■  .*.  r  ,  f  i  , 


.  .  V, 

'  V'  T^.  -  ^  t  -  -. 


! 


/ 


^:v‘ 


".  i 

i,  **^  i.-  - 


‘  I 

:l  . 


TA6ie  A-4.  DESIGN  OINENS IONS— SKOOTM  NUSSER  L|N| TED^CNOINO  KOSC— ?  IN, 

fLEXIOLC  UTiLITr  CONNECTION  > •LOCKING* •  HOSE  SPAN  AND 

CNCLOSUNC  HriGMT  JJCCOED  EON  A  SPCCIEIED  OEELECTION  CAPABILITY 

I#0#  2,00  IN««  0#0#  •  2,5C  IN,»  ETC,  0,  *  3,22  IN,,  SEND  NAD.  •  5,8  fN. 

SPAN  CNCLOSaHC  HEICmT 
CINl  (IN) 


J  t 


:  / 


OEELECTICN 
IIN) 


0.09 
•  10 
•  20 

•  30 

•  AO 

•  SO 

•  40 

•  TO 

•  80 
•80 


0^00 

i^S4 

lO^TS 

12«22 

13«40 

1A,38 

15.23 
15.87 
lo^es 

17.24 


3.22 

3,89 

4,54 

5,15 

5.48 
4,20 

4.48 
7^17 
7,43 
8,07 


I 


1,00 

17,82 

8,51 

J 

1,10 

18,35 

8,84 

t  t 

1.20 

18,83 

9,34 

I 

1^30 

18,29 

8,77 

} 

1,40 

18,72 

10,18 

1,50 

20,12 

10,58 

i 

1,40 

20,51 

10,98 

1,70 

20,88 

11.37 

! 

1.80 

21,22 

11,74  1  * 

K90 

21,54 

12,14  j 

2,00 

21,88 

12,52  !  ^ 

2,10 

22,18 

12.88 

T 

2,20 

22,48 

13,24  4 

2,50 

22,74 

13,43  f 

2.40 

23,03 

14, OC 

1  ‘ 

2,50 

23,30 

14,36 

: 

2,40 

23,55 

14,72 

2,70 

23,80 

15,08  ' 

2«i0 

24,04 

15,43  1 

2#80 

24,27 

15,78  [ 

3,00 

24,45 

14,13  :  • 

3.10 

24,71 

14,48  i 

3,20 

24.92 

u.aj  1  1 

3,30 

25,13 

IT. 17 

3,40 

25,32 

17,51  1 

3,50 

25,52 

17,85 

3«40 

25,71 

18,19 

i 

3«70 

25,88 

18,52 

3,80 

24,07 

18,84 

3.80 

24,25 

19,18 

4,00 

21,42 

19,52 

4,10 

24,58 

18.85 

4,20 

24,75 

20, )• 

• 

4,30 

24,81 

20,50 

\ 

4,40 

27,04 

20,83 

4,50 

27.22 

21,15 

t 

i  ; 


■  \ 


/ 


I  .  _ 


V' 

•A''  :  ■ 


t  •  V 


51 


im  iaiitrig 


.-X 


/'  ■<’ 


aammmi 


mk 


J 


Appendix  B 


DIGITAL  COMPUTER  PROGRAM:  ELASTIC  HOSE 
DESIGN  FOR  A  FLEXIBLE  UTILITY  CONNECTION 


The  required  free  lengih,  C.  and  protective  enclosure  height,  h,  shosvn 
in  Figure  2,  are  computed  as  (unctions  of  ^hc  specified  conneciicn  clefleclion 
capability.  6,  and  the  manufacturer's  specified  nr.inifnum  allowable  t»end 
radius,  r.  These  compulations  are  based  on  the  assumption  that  the  hose 
exhibits  elastic  behavior  in  buckling,  assuming  an  approximately  sinusoidal 
shape.  The  greatest  curvature  in  the  hose— at  the  apex  of  the  sine  v»ave— is 
limited  by  r.  Any  hose  with  an  clastic  (r.iraigni*line)  mcment-curva.ure  dia 
gram  is  expected  to  biicklc  into  this  approximately  sinusoidal  shop*;  and  thus 
to  be  reasonably  well  represented  by  this  assumption. 

The  buckled  shape  is  assumed  to  span  a  distance  26  shorter  than  tfie 
straight  extended  shape.  The  four  parameters.  6.  C,  h.  and  r  are  fijlaied 
according  to  the  above  assumptions  by 


o 


(B-2) 


(B-3) 


and  the  larger  of 


2 


(B.4) 


or 


h  -=  36  +  d. 


(B-5) 
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FLtXieLi:  UTILITY  COflNECTlON  ELASTIC  MOSC  DESIGN 
dimension  EC46) 

READ  1*E 

1  rOfitMATlSElO.Tl 

6  Rk'AD  I.OI.OE.DF.R 
PUNCH  II 

11  FOKMATlSlHrLEXlBLE  UTILITY  CONNECTION  ELASTIC  HOSE  LENTOH  ANO> 
rUNCM  1? 

1?  F0RMMIA9MENCL0SURE  HEIGHT  NEEDED  FOR  A  SPECIFIED  DEFLECT I012HN  CA 
IPAOILIT*'! 

PUNCH  n.DI  .OEfDFtR 

13  FORMATUKI.D.  «F5.?,12m  IN.,  O.D.  >F3.2,1SH  IN.*  FIG.  D.  •FS.2*17h 
1  IN..  eCNO  RAO.  »F5.1.4H  in. /I 

PUNCH  14 

14  format  1 76HOEFLCCT ION  LENGTH  ENCLOSURE  HEIGHT) 

PUNCH  1*. 

15  format r|X4H( IN J6X4HC INI9X4HI IN)/) 

DO  2  1-I.4S 

X.I-1 

C-3 INF CX«. 034906566) 
e*ISOR1F(l.-C*C) )/IC*Rl 
RB«R*e«B 

A*EM  )  »S0RTFI1  .♦R*RB)*4./RB 
P«A*.5-3.14|S927/B 
Y»0F#.5»0E*.5+P«2.42./R0 
2-3.»p40F 
lFf2-Yj2.2.10 
10  Y«Z 

2  PUNCH  l.P.A.Y 
PUNCH  7 

7  FCRMATf//) 

IFISENSE  SWITCH  3)5*6 

5  PAUSE 

6  IFISENSE  SWITCH  2)6*9 
9  (ALL  FXIT 

END 


l.S70i 

1.5703 

1.5689 

1.5665 

1.5632 

1.5589 

1.5537 

1.5476 

1.5^05 

1.5326 

1.5238 

1.5141 

1.5037 

1.4924 

1.4803 

1.4675 

1.4539 

1.4397 

1.4248 

1.4092 

1.3931 

1.3T65 

1.3594 

1.3418 

1.3238 

1.3CS5 

1.2870 

1.2681 

1.2492 

1.2301 

1.2111 

1.1920 

1.1732 

1.1545 

1.1362 

1.1184 

1.1011 

1.0644 

1.0686 

1 .0538 

1.040) 

1 .0278 

1.0J72 

1 .0086 

1.0026 

1 .0000 

.75 

1.3? 

2.156 

7. 

1* 

1.575 

2.625 

8. 

1.5 

2.23 

3.562 

10. 

2. 

2.855 

4.188 

n . 

2. 

2.5 

3.1? 

4.25 

2. 

2.58 

3.22 

5.8 

Figure  B-1.  Elastic  computer  program. 
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flexible  utility  conmection  elastic  hose  design 

DIMENSION  €U6I 
READ  1«E 

1  F0RMATteF10«3l 

e  READ  I»DI*DC»Df«R 
RUKCM  11 

11  FORKATISIHFLEXIBLc  utility  connection  elastic  hose  LCHTGH  ANOl 
PUNCH  12 

12  FORMAT  1 49MENCL0SURE  HEIGHT  NEEDED  FOR  A  SPECIFIED  DEFLCCTI012HN  CA 
IPABILITYJ 

PUNCH  13«DI tDE«DF*P 

IS  F0RHATC6HI«D»  «F5«2rl?H  IN.*  O.D.  «FS.2tl5H  IN.*  FTG*  D.  -FS.2.17H 
1  1N.«  BEND  RAD*  •FS.1*4H  IN./) 

PUNCH  l«i 

lA  FORMAT C36MDEFLECT ION  LENGTH  ENCLOSURE  HEIGHT) 

PUNCH  15 

15  FORMAT OX4HC |N | 6X4HC I N) 9X4H( IN)/) 

DO  2  1-1*45 
X-I-1 

C-SIKT(X«*0349065e6) 

B-(SOR7Fn*-C«Cl  )/CC*R) 

R6«R«R»8 

A-EIT )»SORTFCl .♦R*RB)*4*/RB 
P«A«.475-).1415«27/B 
Y-0F*.5»CE^.54P»2.^2./RB 
2-3.*P40F 
IFC2-Y)2*2*10 
10  Y-2 

2  PUNCH  l.P.A.Y 
PUNCH  7 

7  FORMAT  I//) 

IFISENSE  SWITCH  3)5*6 

5  PAUSE 

6  IPfSENSE  SWITCH  2)8*9 
9  CALL  EXIT 

END 


Figure  B-2.  Revised  elastic  computer  progfam. 
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1.570e 

1.5703 

1.5689 

1.5665 

1.5632 

1.5589 

1.5537 

1.5476 

1.5403 

1.5326 

1.5238 

1.5141 

1.5037 

1.4924 

1.4903 

1*4675 

1.4539 

1.4397 

1.4248 

1.4092 

1.3931 

1*3765 

1.3594 

1.3416 

\ 

1.3238 

1.3055 

1.2870 

1.2681 

1.2492 

1.2301 

1.2111 

1*1920 

1.1332 

1.1545 

1.1362 

1.1184 

1.1011 

1.0844 

1.0686 

1*0538 

Q 

1*0401 

1.0276 

1.0172 

1.0086 

1* 

1*0026 

;*ocoo 
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TABLE  B-1.  DESIGN  OlMEhS IONS— ERONZE  ELASTIC  HOSE— 3/A  IK. 

FLEXIBLE  utility  CONNECTION  ELASTIC  HOSE  LENGTH  AND 

enclosure  height  needed  for  a  SPECIFIED  DEFLECTION  CAPABILITY 

I.D.  •  .73  IN.*  O.D.  »  1.32  IN.*  FTG.  D.  ■  2.13  IN.*  BEND  RAD.  *  7.0  IN. 


ECTION 

length  ENCLOSURE  HEIGHT 

INI 

I  INI 

(  INI 

0.00 

0.00 

2.10 

0.00 

1.53-' 

2.13 

0.00 

3.07  i 

2.16 

0.00 

4.63 

2.17 

.01 

6.21 

2.20 

.02 

7.81 

2*24 

.03 

9.43 

2.47 

.08 

11.13 

2.77 

.12 

12.86 

3.14 

.18 

14.66 

3.38 

.25 

16.32 

4.11 

.33 

18.47 

4.72 

.A6 

20.31 

3.45 

.61 

22.67 

6.29 

.78 

24.96 

7.27 

1.00 

27.39 

8.40 

1.23 

29.99 

9. 71 

1.36 

32.79 

11.23 

1.93 

33.82 

13.00 

2.37 

39.12 

13.04 

2.91 

42.72 

17.41 

3.3A 

46.69 

20.18 

4.31 

31.09 

23.41 

3.23 

36.00 

27.21 

6.33 

61.32 

31.68 

7.67 

67.77 

36.97 

9.31 

74.91 

43.29 

11.30 

83.14 

30.86 

13.76 

92.73 

60.03 

table  B-2.  design  DIMENSIONS— BRONZE  ELASTIC  HOSE— 1  IN. 

FLEdBLE  UTILITY  CONNECTION  ELASTIC  HOSE  LENGTH  ANO 
ENCLOSURE  HEIGHT  NEEDED  FOR  A  SPECIFIED  DEFLECTION  CAPAOILITY 
I.D.  «  1.00  IN.*  O.D.  •  1.37  IN.*  FTC.  D.  »  2.12  IN.*  BEND  RAD. 

deflection  length  ENClOfURE  HEIGHT 


•  e.o  IN. 


INI 

f  INI 

4  INI 

0.00 

0.00 

2.62 

O.oc 

1.75 

2.62 

0.00 

3.31 

2.63 

0.00 

3.29 

2.64 

•  01 

7.09 

2.67 

.03 

8.93 

2.72 

.03 

10.80 

2.94 

.09 

12.72 

3.28 

.14 

14.70 

3.70 

•  21 

16.73 

4.21 

.29 

18.88 

4.81 

.40 

21.11 

3.31 

.33 

23.45 

6.34 

.69 

23.91 

7.30 

•  89 

28.32 

8.42 

1.14 

31.30 

9.71 

1.43 

34.28 

11.21 

1.78 

37.48 

12.95 

2.21 

40.94 

14.97 

2.71 

44,70 

17.30 

3.32 

48.83 

20.01 

4.03 

33.36 

23.18 

4.92 

38.39 

26.87 

3.97 

64.00 

31.21 

7.24 

70.31 

36.32 

8.77 

77.43 

42.37 

10.t>4 

83.62 

49.39 

12.91 

93.02 

38.24 

\ 
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TABLE  B-3.  DESIGN  DIMENSIONS— B«?0N2E  ELASTIC  HOSE—.  /?  IN, 

FLEXIBLE  utility  CONNECTION  ELASTIC  HOSE  LENGTH  AND 

ENCLOSURE  HEIGHT  NEEDED  FOR  A  SPECIFIED  DEFLECTION  CAPABILITY 

l.D.  •  1.50  IN.t  0.0,  »  2,23  1N««  FTC,  D»  «  3,36  IN,,  BEND  RAD.  >  10.0  IN, 

DEFLECTION  LENGTH  ENCLOSURE  HEIGHT 


INI 

I  INI 

f  IN) 

0,00 

0,00 

3,56 

0,00 

2,19 

3.56 

0,00 

4,39 

3,57 

0,00 

6,62 

3.58 

,02 

8,87 

3.62 

,04 

11.16 

3,69 

,07 

13.50 

3,94 

,12 

15.90 

4,38 

,18 

18,38 

4,90 

,26 

20,94 

5,53 

,36 

23,60 

6.28 

,50 

26.39 

7,16 

,66 

79,31 

8,19 

,87 

32,39 

9,40 

1,12 

35.65 

10.79 

1,42 

39,13 

i;.42 

1,79 

42,85 

1‘».29 

2,23 

46,85 

1  ^.46 

2,76 

51,18 

18.98 

3,39 

55,80 

21.90 

4,15 

61.03 

25.29 

5,06 

66.71 

29.24 

6,16 

72.99 

33.86 

7,47 

80,00 

39.28 

9,05 

87.88 

45.67 

10,96 

96,81 

53.23 

13,30 

107,02 

62.26 

TABLE  8-A,  DESIGN  DIMENSI ONS— BRONZE  ELASTIC  HOSE— 2  IN, 

FLEXIBLE  utility  CONNECTION  CLASTIC  HOSE  LENGTH  AND 

ENCLOSURE  HEIGHT  NEEDED  FOR  A  SPECIFIED  DEFLECTION  CAPABILITY 

1,0,  •  2,00  IN,«  0,D.  •  2,83  IN,t  FTG,  0,  «  A, 18  1N,«  BEND  RAO,  •  11,0  IN, 

DEFLECTION  LENGTH  ENCLOSURE  HEIGHT 


INI 

C  IN) 

C  INI 

0.00 

0,00 

4.18 

0,00 

2,41 

4.18 

0.00 

4.83 

4.14 

.01 

7.28 

4.21 

,0k 

9,76 

4,26 

.04 

12,28 

4,52 

,08 

14,85 

4,68 

.13 

17,49 

5,15 

.20 

20,21 

5.73 

.29 

23,03 

6.42 

.40 

25.96 

7,24 

,55 

29,03 

8.21 

•  73 

32.24 

9.35 

,96 

35.63 

10.67 

1.23 

39.22 

12,21 

1.57 

43.04 

13,99 

1.97 

47,13 

16.06 

2.46 

51.53 

18.45 

3,C4 

56,30 

21  .21 

3.73 

61,47 

24,42 

4.57 

67.14 

28.15 

5.57 

73,38 

32.50 

6.77 

80.29 

37.59 

8.21 

88,00 

43,55 

9,95 

96.67 

50,57 

12.06 

106,49 

58,89 

57 
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TAOIE  8-5.  OESION  OIHENSIONS-CORROCATED  RW9BER  ELASTIC  HOSE_2  IN. 
ENCLOSURE^HEIGnT  NFfSpn^^SS  tLASTIC  HOSE  LENGTH  AMD 

LCNCTH  CNCLOGUnE  NETGMT 


♦•?  rN« 


(IN) 

(IN) 

(IN) 

o.co 

0.00 

3.12 

0.00 

.93 

3.12 

o.oc 

1.66 

3«12 

0,00 

2.61 

3.13 

0.00 

3.77 

3.14 

•  01 

4,74 

3.17 

•  03 

5.73 

3.25 

•  03 

6.76 

3.44 

•  07 

7.81 

3.66 

•  11 

0e9O 

3.93 

•  13 

^0.03 

4.25 

•  21 

11.21 

4.62 

•  2S 

12.43 

3.06 

•  37 

13.76 

5.37 

•  4? 

13.15 

6.16 

•  60 

16.63 

6.83 

.76 

10.21 

7.63 

•  93 

19.91 

C.57 

1.17 

21.73 

9.64 

1*44 

73.75 

10.30 

1.76 

23.94 

12.32 

7.13 

78.33 

14.00 

7.61 

31.02 

15.97 

3.17 

34.00 

18.27 

3.84 

37.33 

70.98 

4.66 

41.14 

24.20 

3.63 

43.48 

26.04 

6.06 

30.40 

32.63 

0.33 

36.30 

36.70 

10.20 

63.13 

44.99 

12.33 

71.32 

33.37 
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LIST  OF  SYMBOLS 


A  Tronyvcrse  occclcrallon  i<l  moving  end 

titling  (g) 

a  Transverse  acceleration  at  point  x  on  the 

^  hose  (g) 

b  Theoretical  parameter  used  for  convenience 

0^  Lor^gitudifuil  component  of  hose  displacement 

at  mo/ingend  fitting,  positive  for  ex  tension 
of  hose  (L) 

Oy  T ransv-'crse  component  of  hose  displacement 

at  moving  end  fitting,  positive  toward  con¬ 
cave  sic’3  of  curved  hose  (L) 

d#  Diameter  of  largest  oart  of  end  fitting  (L) 

dj  Inside  diameter  of  hose  (L) 

do  Outside  diameter  of  hose  (L) 

F  Force  on  hose  at  moving  end  fitting  |F) 

F^,  F|,  Static  test  reactions  on  end  fixture  block 

os  shown  in  Figure  5  IF) 

Lor>gitudindl  component  of  force  or.  hose 
at  moving  end  fitting.  t>ositive  in  tcrtsion  (F) 

Fy  Transverse  component  of  force  on  hose  at 

moving  end  filliitg.  positive  toward  concave 
side  of  curved  hose  (F) 

h  Required  hoigfil  (diameter)  of  protective 

cc^r^ugated  metal  tube  enclosure  (L) 

h*  Basic  enclosure  heiglit  (excludes  effects  of 

hose  and  fitting  diameters)  (L) 

L  Rapid  load  machirie  ram  load  (F) 

C  Free  lcf>gth  of  hose  (L) 

V  Maximum  allowable  span  (L) 


^  Span  of  buckled  hose  (L) 

M  Restraining  moment  on  hose  at  fitting  (FL) 

p  Amount  of  hose  pressure  strength  available 

to  resist  forces  (F/L^) 

Pi  Internal  hydrostatic  pressure  (F.'L^) 

Dynamic  bursting  pressure  (F/L^) 

r  Manjfar.i  rer's  speci  kxl  minimum  allowable 

bend  ratlins  (L) 

s  Install'd  span  of  hojc  between  fittings  (L) 

t  effective  thickness  of  hose  wall  (L) 

w  Weight  of  hose  p<f  unit  ctiange  in  x  (F/L) 

X  Position  coordinate  of  point  on  hose, 

measured  frorr,  rrxjving  cfvJ  tc/vard  fixed 
cnd(L) 

6  Displacement  parameter — spccificxi  deflection 

capability  fc) 

6^  Displacement  parameter  computed  by 

assurnir>g  elastic  hose  txliavior  (L) 

6l  Displacement  parameter  computed  ty 

assuming  locking  hose  bcha-^ior  (L) 

p  Conibir>cd  weight  per  unit  length  of  hose 

a^'J  i;o  itained  fluid  (F/L) 

Pj^  W^;ghi  per  unit  length  of  empty  hose  (F/L) 

p^  Weight  per  unit  length  of  v/atcr  in  hose  (F/L) 

a  Tensile  stress  in  hose  wall  (F/L^) 

^  Angle  between  direction  of  action  of  hose 

f<xcc  F  and  fining  axis 

Slope  of  liose  at  any  point  along  its  length 
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'  The  existing  design  of  flexible  utility  connections  used  in  naval  installations 
ifKorporates  a  flexible  bronze  hose  hanging  freely  withm  a  corrugjtcd  mtial  tube  so  th«ii 
it  can  move  without  being  highly  stressed  at  the  soil-structure  interface.  A  study  was  made 
of  this  design  end  of  possible  modifications  to  it.  Thecreiical  predictions  were  formulated 
for  flexiaility  and  dynamic  strength;  the  theories  were  tested  and  partially  verified  experi* 
mentally  in  the  laboratory.  The  flexibility  of  a  hose  was  related  to  the  manufacturer's 
specified  minimum  allowable  bend  radius.  The  dynamic  streno’^-  vas  expressed  in  terms 
of  peak  acceleration  and  hose  vrcig'tt  and  length  in  a  semiempiricc;  relationship  suitable 
for  use  in  design.  It  is  recommended  that  the  results  of  the  present  study  be  incorporated 
in  an  appropriate  design  manual,  subject  to  verification  by  full-scale  field  tests,  and  that  a 
sijmmary  be  compiled  of  means  to  predict  the  relative  displacements  between  a  buried 
structure  and  the  surrouodir>g  soil,  (  , 
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